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PREFACE 


DAVIES*  Elements  of  Surveying,  fii-st  published  in  1830, 
was  deeigtied  as  a  text-book  for  tlip  pupil 8  of  the  IT.  S, 
tary  Academy,  and  in  its  preparation  little  regui*d  was  had  to 
the  supposed  want^  of  other  institutions* 

The  work  wa^,  however,  ruueived  hy  (lie  public  with  more 
&vor  than  was  anticipated,  and  Bwm  became  a  leading  text-book 
in  Colleger,  Academies,  and  the  higher  grade  of  Schools,  For 
the  purpose  of  adapting  it  more  fully  to  the  requirements  of 
these  institution;?,  the  author  made  many  changes  in  succossito 
editions,  and  gave  it  his  final  revijiion  in  1870. 

In  the  present  edition,  while  the  admirable  features  which 
hare  hitherto  com meudt'd  the  work  fio  highly  to  institutions  of 
learning  and  to  practical  surTeyors  have  been  retained,  gome  of  the 
topics  have  been  abridged  in  treatment  and  some  eularjL^^ed,  otiiers 
have  been  ailded,  and  the  whole  has  been  arranged  in  the  order  of 
prcigressive  development. 

It  has  been  the  intention  fo  begin  with  the  very  elements  of 
the  subject  and  to  combine  those  elements  in  the  simplest  man- 
ner, so  a.«  to  render  the  higher  branches  of  Plane  Surveying  com- 
paratively easy*  The  necessary  principles  of  logarithms  and 
plane  trigonometry  are  given,  and  thcrir  mode  of  application 
shown.  All  the  instruments  needed  for  plotting  have  been 
Garefnlly  described ;  and  the  uses  of  those  required  for  the 
measurement  of  tingles  are  fully  explained. 

In  Uie  section  on  Magnetic  Declination  or  Variation  of  the 
Needle,  papers  of  the  U.  S.  Coast  and  Qoodetic  Survey  have  been 
largely  used.  From  them  have  been  taken: — tables  of  annual 
changes  in  declination,  and  for  computing  the  declination  at  any 
epoch,  at  various  places  in  the  Dnited  States,  which  will  be  found 


of  espeoial  value  in  re*rtinning  liirrs  of  old  surveys;  also,  bdw 
tablea  of  the  times  and  azimuths  of  Polariij  when  at  elongutioii» 
for  use  in  determining  the  true  meridian  with  compass  or  tnm- 
sit,  which  with  the  rules  given  for  interpoktion  are  moj*e  accurate 
tlian  any  similar  tables  previously  published. 

A  full  account  la  given  of  the  system  adopted  in  the  survey  of 
the  public  lands;  and  although  the  method  is  tiimple^  it  has, 
nevertheless,  been  productive  of  great  results,  by  defining,  with 
mathematical  precision,  the  boundariee  of  lands  in  the  new  States, 
and  thus  settling  their  titles  on  an  indispubihle  basis.  In  this 
Cfjnnection  oiBcial  iustruetions  and  diagrams  issued  by  the  U.  S# 
General  Land  Office  have  been  usecLaud,  as  the  principal  lines  of  a 
government  survey  must  be  run  with  referenee  to  the  tnie  meridian, 
the  Solar  Compass  and  solar  attachment  to  transit  are  described. 

A  change  made  in  the  preisent  L-iJition,  which  must  prove  par* 
ticularly  acceptable,  is  the  transformation  of  the  article  on  Mining 
Surveying  into  a  complete  treatise,  in  which  the  location  of  claims 
on  the  surface,  the  latest  and  best  methods  of  underground  travers- 
ing, etc.,  tlie  calculation  of  one-reserves,  and  all  that  pertains  to  the 
work  of  the  Mining  Surveyor,  are  fully  explaijied,  and  illustrated 
by  practical  examples-  This  improvement  is  due,  substantiiilly,  to 
John  (r.  Murpliy,  Esq*,  KM.,  at  one  time  Territorial  Geologi.st  of 
Wyoming  Territory,  an  expert  Mining  Engineer  of  large  and 
varied  tiractice. 

In  addition  to  acknowledgment  elsewhere  made,  the  under- 
signed is  indebted  to  Professor  Rodney  G,  Kimball,  of  the  Brook- 
lyn Polytechnic  Institute,  for  valuable  suggestions  and  labor,  and 
to  the  Messrs,  W.  and  L.  E,  Gnrley,  of  Troy,  N,  Y.,  for  their 
courtesy  in  furnighing  him,  for  use,  advance  sheets  of  the  last 
edition  of  their  Instrument  Manual  and  many  cuts  of  their 
surveying  instruments, 

J,  n.  VAN  AMRINGE, 

Editor  of  BikTisa'  Oonuii  or  JCATimtArios. 
OOLUMBU  College,  N.  T*,  j 
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1.  The  logarithm  of  a  given  uuinber  is  the  exponent  of  the 
power  to  which  it  is  necessary  to  raise  a  Jkctd  number  to  produce 
the  given  number. 

The  Jijced  number  is  called  the  base  of  the  system.     In  the 

^m  common  system,  to  which  uloue  reference  is  miido  in  this  section, 

V  the  base  is  10.     Every  unmber  is,  therefore?  regardetl  as  some 

power  of  10,  and  the  exponent  of  that  power  is  the  logarithm  of 

the  number, 

H  2.  If  a  number  is  an  exact  power  of  10,  its  logarithm  is  a 
whoU  number.  If  a  number  is  not  an  exact  power  of  10,  its 
logarithm  is  composed  of  two  parts,  a  witoh  number  called  the 
Characteristic,  and  a  decimal  fiart  called  the  Mantissa, 
Thus,  ^25  being  greater  than  10^  and  less  than  10*,  it«  logarithm 
is  found  to  be  2.352183,  of  whicli  2  is  the  cbaraetertsiic  and 
« 352183  is  the  tnaniiasa. 


I 


3.  In  a  table  of  logarillims,  the  maniisms  nnly  are  nece^aarily 
given.  The  characteridic  of  the  logarithm  of  a  nnmber  is  deter- 
mined by  one  of  the  two  following  rnles: 

Bdle  h^-Hie  charficteristic  of  the  logarithm  of  any 
wJiole  number  U  poaUive,  and  jitimericaUi/  1  less  than  the 
number  of  places  of  figures  in  the  given  nurnber. 
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Rule    U,—Ths  characteriMic  of  the  logarithm  of  a 
deolincd  fractlofi  is  negative,  and  nuniericiilly  1  greakr  ' 
than  the  ntimbcr  of  0*s    that    immediately   follow  the 
decimal  point. 

Note  1,— In  the  logarithm  ofadeciTnal  fraction,  the  i  ii!- 
teristie  iilone  is  negative,   the  mandism  being  alwat/s  pobiUa, 
*Y\m  fact  h  indicated  bj  writiug  the  negative  sign  over  tto 
cliaracterifitic :  thus,5.371465,  h  equivalent  to  —  2  -h  .371465, 

Note  2.— It  is  to  be  observed,  that  the  characteristic  ol  thi 
logarithm  of  a  mixed  number  is  the  fame  as  that  of  its  cfntite 
part.  Thus,  the  characteristic  of  the  logarithm  of  725.4275  ia 
the  Bimie  as  the  characteristic  of  the  logarithm  of  725. 

4.  A  Table  of  Logarithms  is  a  table  by  means  of  which 
may  be  fouud  the  logarithm  corresponding  to  any  number,  or  the 
number  corresponding  to  any  logarithm. 

In  the  table  appended,  the  mantifii^s  alone  are  given;  the 
characteristic  may  be  found  by  one  of  the  rules  of  Art*  3* 

The  7nafiii^sa  of  the  logarithtii  of  any  number  is  not  changed 
by  multiplying  or  dividing  the  number  by  any  exact  power  of  10» 
HencCj  in  finding  the  mantissa  of  the  logarithm  of  a  number,  the 
position  of  the  decimal  point  may  be  changed  at  pleasure.  ThuB, 
the  mantissa  of  the  logarithm  of  45C357,  is  the  same  as  that  of 
the  number  45G3.57  ;  and  the  mantLssa  of  the  logaiMthm  of  75,  is 
the  same  as  that  of  7500. 

5.  To  find  the  logarithm  of  a  number  between  1000  and 
10,000»— Find  the  characteristic  by  the  first  rule  of  Art.  3. 
To  determine  the  mantissa,  find  in  the  column  headed  **N"  the 
left  hand  three  fignres  of  the  given  nnJnbcr;  then  jiass  along  the 
horizontal  line  in  which  these  figures  are  found,  to  the  colnmn 
headed  by  the  fourth  figure  of  the  given  nnml^pr,  and  take  ont 
the  four  figures  found  there ;   pass  back  again  to  the  column 
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[leaded  **0/*  and  there  will  be  found  in  this  column,  either  u|)on 
'the  horizontal  line  of  the  first  three  figures  or  a  few  lines  above 
it,  a  number  consisting  of  six  figures,  the  left-hand  two  figures  of 
which  ranat  be  prefixed  to  tlie  four  already  taken  out.     Thus, 

Log  8979  =  3,953iJ28, 

If,  however,  any  dais  are  found  at  the  place  of  the  four  figures 
first  taken  out,  or  if  in  returning  to  the  **0"  column  any  dots 

(re  passed,  the  two  figures  to  be  prefixed  are  the  left-hand  two  of 
he  six  figures  of  the  **0"  column  tm mediately  Mow.     Dots  in 
he  number  taken  out  must  he  replaced  by  zeros.     Tims, 
Log  301)8  =^  3.401081 
Pl  Log  2188  ^  3.340047 

6.  To  find  the  logarithm  of  a  number  between  1  and  1000. — 
Find  the  oharacteristie  by  the  first  nile  of  Art.  3.  To  find  the 
itissa,  fill  out  the  given  number  to  four  places  of  figures  (or 
conceive  it  to  be  so  filled  out)  by  annexing  O's  (see  Art.  4),  and 
ind  the  mantissa  corresponding  to  the  resulting  number,  as  in 
Lrt.  6.  Thus,  to  find  log,  of  75  :  characteristic  is  1,  by  the  rule ; 
the  mantissa  is  the  same  as  that  corresponding  to  7500,  i.  e., 
b87500l ;  hence, 

Log  75  ^  1.875001. 
In  the  same  way. 

Log  2  =:  0.301030. 

7.  To  find  the  logarithm  of  a  number  greater  than  10,0€0.^ 

find  the  characteristic  by  the  first  rule  of  Art.  3.     To  find  the 

[  mantissa  :  set  aside  all  of  the  given  number  except  the  left-hand 

•four  figures,  and  find  the  mantissa  corresponding  to  these  four, 

as  in  Art  5;    multiply   the  corresponding   fahdar  difference, 

found  in  column  *'D,"  by  the  pait  of  the  number  set  aside,  and 

[discard  as  many  of  the  right-hand  figures  of  the  product  as  there 

are  figures  in  the  multiplier,  and  add  the  result  UiU8  obtsimtd  to 
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tlie  rimnti«W4  ulrtmly  found.     If  the  left-hand  fignne  of  Uuwe  di^ 
tmnU^U  is  5,  or  more,  increase  the  number  added  bjr  1* 

NoTK. — It  is  to  be  observed  that  the  tabular  differma, 
in  L'olimin  "D/'  is  millionths,  and  not  a  whole  onmber;  mi 
tbiiti  iln"n:fiH'i\  the  regiilt  to  be  added  *'to  the  mADti^a  alnttii| 
fauiHl  *'  ifi  millionths. 

EXAMIU.E.— Tn  lind  the  logarithm  of  672887:  the  cba^acie^ 
biiu  i»  5 ;  wt  ttBidci  87,  and  the  mantissa  correspondiDg  to  67^  il 
^•878811 ;  tho  corru«}K)ndiug  tubular  difference  ia  05,  which  mnV 
tipliod  by  87,  tb*^  purt  of  the  number  set  aside,  gives  5655 ;  as 
tlioro  mv  two  (igurt'8  in  the  multiplier,  discard  the  hght-hmd 
two  flgnrcN  of  tbifl  product^  leaving  56  ;  but  as  the  Icft-hand 
nguni  of  thoiie  dificiirdcd  is  b,  call  the  reenlt  57  (which  is 
wiUionihM)  \  iwlilin;^  tliis  57  to  tho  niiintissa  already  found,  will 
1(1  vt»  ♦82TU43  fnr  tin*  rt'quirod  mantissa  ;  bonce, 

liog  073887  =  5.8271)43. 
In  tlu>  Miniii^  way, 

Log  3710053  =  6.669380. 

8,  To  find  tho  logarithm  of  a  decimal.— Find  the  charaoter- 

iiljir  by  the  Hocond  rule  of  Art,  3,  To  find  the  mantissa,  drop 
thn  d*'('imul  point  iind  comsidiT  the  deriraal  a  whole  iium1)er, 
Kind  lliti  miuHisK;*  of  tht^  higaritbm  of  this  number  as  ia  preced- 
ing artii'li'M.  ami  it  will  be  the  manti^na  required.     Thus, 

liog  .0327  =  2.514548 
Log  .3780:^4   =   1.57:520. 

Note.— To  find  t!ie  logarithm  of  a  mixed  number,  find  the 
chanu^terialic  by  Note  2,  Art.  3 ;  tlicn  drop  the  decimal  point 

and  proceed  ad  above. 

9.  To  find  the  number  corresponding  to  a  given  logarithm. — 

The  rule  is  the  revcrst'  of  thusv  just  given.  Look  in  the  table  for 
the  mantissa  of  the  given  logarithm.     If  it  cannot  l>e  found,  take 
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out  the  next  less  inanti^sa»  and  also  the  corresponding  number, 
which  set  aside.  Find  the  diflfcrence  between  the  maotissa  taken 
out  and  that  of  the  given  logaritlmi ;  annex  any  number  of  i}% 
and  divide  this  result  by  the  corre.sponding  number  in  the  oohnnn 
**D/'  Annex  the  f|aotient  to  the  number  set  asidi-,  and  then*  if 
the  characteristic  h positive,  point  off,  from  the  left  hand,  a  num- 
ber of  places  of  figures  equal  to  the  characteristic  pins  1 ;  the 
f  yesnlt  will  tje  the  number  required. 

If  the  characteristic  h  mgaiive,  prefix  to  the  figures  obtained 
La  number  of  O's  one  less  than  tlie  number  of  nulls  in  the  nega- 
|live  characteristic  and  to  the  whole  prefix  a  decimal  point ;  the 
lit,  a  pure  decimal,  will  be  the  nntuk'r  I'equired, 


Example. — T^et  it  be  required  to  fiiHl  the  number  coiTcspond 
ing  to  the  logarithm  5.233568. 

The  next  leas  mantissa  In  the  table  ia  233504  ;  the  correspond- 
ing number  is  1712,  and  the  tabular  differeuce  is  253. 

^OPEttATtON. 
Given  mantissa^ 233568 
Next  less  mantissa,     ....     233504 


1 


.     1712 

253   )     040000U      (        2o2f>0 

Thereqnirexl  number  is  171225.2%, 
The   number  corresponding   to    the   logarithm 


.233568 


.0171225  +  . 


I 


10.  Multiplication  by  Logarithms.— RiTLK.—i^tw/Z  the 
logarithms  of  the  factors  and  fake  tftcir  sitnh;  then  find 
the  number  corresponding  to  the  resulting  logarithm,  and 
it  will  be  the  prodiict  required. 

Example. — Find  the  continued  product  of  3.902,  6971.6, 
and  .0314728, 
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ELEMENTS    OF    SURVEYING. 
OPERATION. 

log        dM2  =  0.591287 

log      597L6  =  3.770091 
log  ,0314738  =  2>497936 

2,805314    .-. 


[book  I. 


733.354,  product 

Hero,  the  1  carried  added  to  the  3  gives  4,  which  added  to  —i 
gives  i  ua  the  characteristic  of  the  logarithm  of  the  product 

11.    Division  by  Logarithms. — Rule, — Find  the  logo- 
rithnhs  of  tits  dividend  and  divisor,  and  subtract  the  l-atter 

from  the  form-er :   then  find^  the  number  corresponding  to 
the  restdtiiig  logarithnij,  and   it  ivill  he  the  quotient 
quired, 

EXAMPLES. 

Divide  241G3  by  45(17. 


log  24163 
log    4567 


OPKH  ATION. 

.     4.383151 
.     3.659631 


0.723520 


5.29078,     quotient 


2.  Divide  0.7438  by  12.9476. 


U)g    0.7438 
log  12.9476  , 


OPBRATION, 

.     L87H56 
.     1.112189 


a.  759261 


0.057447,  quotient. 


Here,  I  taken  from  I,  gives  3  for  a  result.  The  subtraction. 
as  in  this  case,  is  always  to  be  performed  in  the  algebraic  yensa. 

The  operation  of  divi^iou,  particularly  when  combined  with 
that  of  miiltiplication^  can  often  be  simpliiied  by  asing  the 
principle  of  the 
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12.  Arithmetical  Complement.— The  arxthmetical  cample- 
ment  of  a  logarithm  is  the  remaiDder  obtained  by  subtracting  it 
from  10.  Thus,  8.130456  is  the  arithmetical  complement  of 
1.869544.  The  arithmetical  complement  is  denoted  by  the 
symbol  (a.  c). 

The  following  is  the  role  for  the  use  of  the  arithmetical  com- 
plement in  division  by  logarithms : 

BuLE. — Find  the  logarithm  of  the  dividend,  and  the 
arithmetical  complement  of  tJie  logarithm  of  the  divisor, 
add  them  together,  and  dim^inish  the  sum,  hy  10 ;  the 
number  corresponding  to  the  resulting  logarithm^  wUl  be 
the  quotient  required. 

Examples.— 1.  Divide  37.149  by  65J3.76. 
log  37.149  .     .     .     1.569947 
(a.  c.)    log  523.76  .     .     .     7.280867 

2.850814    .-.  0.0709273,  quotient 

The  operation  of  subtracting  10  is  performed  mentally. 

2.  Find  x  in  the  proportion, 

602.647  :  2.29863   ::  x  :  .037293. 
log  602.647    .     .     2.780063 
(a.  c.)     log  2.29863     .     .     9.638531 
log  .037293    .     .     2.571627 
logo;     ...     .     0.990221     .-.    a;  =  9.7773  +  . 

3.  Divide  the  product  of  3.58884  and  5672,  by  the  product  of 
89721  and  42.056. 

log  358884    .     .     .     5.554954 

log  5672   ....     3.753736 

(a.c.)     log  89721      .     .     .     5.047106 

(a.  c.)     log  42.056     .     .     .     8.376182 

2.731978    .  • .    539. 48,  result. 
20  is  here  subtracted,  as  (a.  c.)  has  been  twice  used. 
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Note, — If  frhe  logarithm,  whose  arilhmetic-al  complemefii  ig 
tuken^  exceeds  10,  subtract  it  from  20^  and  reject  20  in  the  fiinl 

opemtion 

13.  Raising  to  Powers  l^y  Logarithms,— Rule. — Hnd 

the  logarithnh  of  the  num-ber,  and  muUiplij  it  by  iJiA 
exponent  of  the  power;  then  /ind  the  number  correspond 
ing  to  the  residting  logarithm,  and  it  will  be  the  pawer 
required. 

Example. — Find  the  5th  power  of  9. 

logo 0.054243 

5 

^^  4.771216    .-.    59049,    power. 

14.  Extracting  Roots  by  Logarithms.— RrLE.—i?ltiiil 
ih6  logarithnh  of  tJie  number  and  divide  it  by  the  indsjt 
of  the  root;  then  find  the  number  corresponding  to  the 
restUting  logarithm,  an^  it  will  be  the  root  required. 

Example.— Find  the  cube  root  of  4006.  ^| 

The  logarithm  of  4096  is  3.6123C0,  and  one-third  of  this  is 
L204120.  Tlie  corresponding  number  h  1(»,  whit-h  in  the  root 
sought. 

If  the  characteristic  of  the  logarithm  of  the  given  uiiralier  is 
negative  and  not  exactlij  divisible  by  the  index  of  the  root,  add 
to  it  each  negative  qnantity  as  shall  make  it  exactly  diviaiblc,  aod 
add  also  to  tlie  mantissa  a  numerically  equal  posHive  quantity. 

Thuflj  let  the  square  root  of  .00803  be  reqnired. 

log  .00863  ^  3.936011  =  4 +  1. 93001 L 
1  +  1.936011 


log  V.  00863  =  ^JJz^^tl  -  2.968006. 


The  number  aottght  is  therefore  .09289  +  , 
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SECTION     11. 

PLANE     TRIGONOMETRY. 

15.  Plane  Trigonometry   is  that  bitmch  of  Mathematy 
I  wliich  treats  of  the  solution  of  plane  triangles* 

In  every  plane  triangle  there  are  six  parts :  three  sides  and 
ihres  angles.  When  three  of  these  parts  are  given,  one  hvmg  a 
Bide,  the  remaining  parta  may  be  found  by  computation.  The 
operation  of  finding  the  unknown  parts,  h  called  the  soluHon 
of  the  triangle, 

16.  A  plane  angle  is  measured  bj  the  arc  of  a  circle  inclnded 
between  its  sides^  the  centre  of  the  circle  being  at  the  Tertex^ 
and  its  radius  being  equal  to  1. 

Thus,  if  the  vertex  A  be  taken  as  a 
centre,  and  the  radius  AB  be  equal  to  1, 
the  intercepted  arc  BC  will  measure  the 
angle  A* 
^  Let  A  BCD  represent  a  circle  whose  radius  is  equal  to  1, 
and  ACi  BD^  two  diameters  perpendicu- 
lar to  each  other.  These  diameters  divide 
the  circumferenoe  into  four  equal  parts, 

(called  quadrants;  and  because  each  of 
tbe  angles  at  the  centre  is  a  right  angle> 
it  follows  that  a  rifjfti  angle  is  measured 
by  a  quadrant.  An  acute  angle  is  meas- 
ured  by  an  arc  Uss  than  a  quadrant^ 
and  an  obtuse  angle,  by  an  arc  greater  than  a  qnadranl, 

^m  17.  In  Geometry,  the  unit  of  arjgular  measure  is  a  righi 
angh :  so  in  Trigonometry,  the  primary  unit  is  a  quadrant, 
which  18  the  measure  of  a  right  angle. 


I 


Fiq,  1. 
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con?eniencej 

*  which  is  called  a  degree  ;  each  degree  into  60  equal  parte, 
called  minutes :  and  each  minute  into  CO  equal  parts,  called 
seconds.  Degrees,  minutes,  and  seconds,  are  denoted  by  the 
symbols  °,  ',  ".  Thus,  the  expression  7"*  22'  33",  is  read, 
7  degre^s^  22  minutes,  and  33  seconds.  Fractional  parts  of  a 
seeond  arc  expressed  decimally. 

18.  Tlie  complement  of  an  arc  is  the  difference  between  that 
arc   and   £)0^.     The  complejnent  of  an 
angle  is  the  difference    between  that 
angle  and  a  right  angle. 

Thus,  ED  is  the  com  piemen  t  of 
AE^  and  FB  is  the  complement  of 
AF»  In  like  manner,  EOB  ia  the 
complement  of  AGE,  and  FOB  is 
the  complement  of  AOF. 

In  a  right-angled  triangle,  the  acute  angles  are  complements'' 
of  each  other. 


I 
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19.  The  supplement  of  an  arc  is  the  differcnce  between  that  ™ 
arc  and  180^,  The  snpplmnmt  of  aji  angle  m  the  difference  i 
between  that  angle  and  two  right  angles,  ■ 

Thus,  EC  (Fig,  3)  is  the  supplement  of  AE,  and  FC  the 
supplement  of  AF,  In  like  manner,  EOC  is  the  supplement 
oiAOE,  and  FOC  the  supplement  of  AOF. 

In  any  plane  triangle,  either  angle  ia  the  supplement  of  the 
sum  of  the  other  two.  fl 

20.  Instead  of  the  arcs  themselves,  certain  funcHons  of  the 
arcs,  as  explained  below,  are  used.  A  f unci  ion  of  a  quantity  is 
something  which  depends  upon  that  quantity  for  its  value.  I 

The  following  functions  aro  the  only  ones  needed  for  solving  ^ 


A 
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21.  The  sine  of  an  arc  ia  the  distance  of  one  extxemity  of 
the  arc  from  the  diameter  through  the  other  extremity. 

Thus,  PM  (Figi  4)  is  the  sine 
lot  AM,  and  P*M'  is  the  sine  of 
AM\ 

22.  The  comne  of  an  arc  is 
the  sine  of  the  complement  of 
the  ans,  "complement  sine"   be- 

\ing  contracted  into  cosine. 

Thus,  NM  (Fig.  4)  ia  the  co- 
eine  of    AM,   and    NM'    is    the 
ooeine  of  AM',      These    lines    are   respectiyely  equdX    to   OP 
and  0P\ 

23.  The  tangent  of  an  arc  is  the  perpendicular  to  the  radius 
at  one  extremity  of  the  are,  limited  by  the  prolongation  of  the 
liameter  throngh  the  other  extremity. 

Thus,  AT  (Fig.  4)  is  the  tangent  of  the  are  AM,  and  AT" 
wis  the  tangent  of  the  arc  AM\ 

24.  The  cotangent  of  an  arc  is  the  tangent  of  its  complement, 
I** complement  tangent"  being  contracted  into  cotangent. 

Thus,  BT  (Fig.  4)  is  the  cotangeut  of  the  arc  AM^  and 
^MT*  is  the  cotangent  of  the  arc  AM\ 

The  sine,  cosine,  tangent,  and  cotangent  of  an  arc,  At,  are, 
for  convenience,  written  sin  a,  cos  a,  tan  at,  and  cot  a. 

These  functions  of  an  arc  may  also  be  considered  as  fane- 
ions  of  the  angle  which  the  arc  measures. 

Thus,  (Fig.  4)  PM,  NM,  AT,  and  BT,  are  respectively  the 
ine,  cosine,  tangent,  and  cotangent  of  the  angle  AOM,  as  well 
the  arc  AM, 

25.  The  sine  of  an  arc  is  er^nal  to  the  sine  of  its  supplement; 
(audi  in  general,  any  fanctiun  of  an  arc  is  equal  to  the  corres- 


Note. — These  rolations  exist  between   tlie   numerical 
of  the  functions;   the  algehmic  »igns^  which   they  have  in  tbe 
dilTerent  quadrants,  are  not  considered* 

26.  A  Natural  Sine,  Cosme,  Taagent,  or  Cotangeni, 
is  tlio  mnQf  cosine,  tiingeiit,  or  cotangent,  of  an  arc  whose 
radius  is  1* 

A  Table  of  Natural  Sines  is  a  table  from  which  the 
natural  eiue,  cogiuc,  tangent,  or  cotangent  of  any  arc  nuiy 
be  found. 

Tho  Table  of  Natural  Sines,  beginning  at  page  63  of  th6 
tables,  gives  the  values  of  the  sines  and  cosines  only.  If  the 
tangent  or  cotangent  of  an  arc»  A,  is  desired,  it  raay  be  fouod 
by  tbe  relation, 


tan  A  = 


sin  A  ^ 
cos  A  ' 


cot  ^4  = 


cos  A 
sin  A* 


TABLE     OF     LOGARITHMIC     SINES. 

27.  A  LiOgarithmic  Sine,  Cosme,  Taagent,  or  Cotan- 
gent is  the  loganihm  of  the  sine,  eosincj  tangent,  or  cotangent 
of  un  arc  whose  radius  is  1 0,000,000, DOO. 

A  Table  of  Logarithmic  Sines  and  Tangents  is  a  table 
giving  i\w  Icigaritljm  of  tb^^  sine  and  cosine,  tangent  and  cotan 
gent  uf  any  arc  or  angle- 

The  logarithm  of  the  tabular  radius  is  10. 
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Any  hganthmie  function  of  an  an?  ur  angle  may  be  found  by 
malriplying  the  corresponding  wa/wm/  function  bv  10,000,000>000, 

faml  then  taking  the  logarithm  of  the  rcj^ult ;  or  more  simply,  by 
taking  the  logarithm  of  tlie  corresponding  natural  function,  and 
then  adding  10  to  the  result, 
28.  In  the  tiible,  beginning  at  page  18  of  the  tables,  the 
logarithmic  ftmctions  are  given  for  every  minnle  from  0'^  to  90  . 
In  ttddition,  their  rates  of  change  for  each  second,  are  given  in 
the  column  headed  "D." 

PFor  the  sine  and  cogine,  there  are  separate  columns  of  dif- 
fereneeii,  which  arc  written  to  the  right  of  the  respective 
oolumng;  but  for  the  tangent  and  cotangent,  there  is  but 
ft    single    column    *A    ditfcrcnces,    which    is    written    between 


m    Th 


The  angle  obtained  by  taking  the  degrees  from  the  /op  of  the 

poge^  and  the  minutc^s  from  any  line  on  the  kfi  liuud  of  the 

Xt,  is  the  complemeni  of  that  obtained  by  taking  the  degrees 

am  the  hofimn  of  the  page,  aod  the  minotes  fi*om  the  tiame  line 

on  the  riifhi  hand  of  the  page.     But,  by  definition,  the  cosine  and 

the   cotangent  of   an    arc  are,   res|>cctively,   the  sine  and   the 

plangent  of  the  complement  of   that  arc   (Arts,  22  and  24) ; 

^Bifnce,  the  columns  designuted  nm  and  iang^  at  the  top  of  the 

^B%e,  are  designated  cosine  and  coiang  at  the  bottom, 

29.    To  find  the   logarithmic   functions  of  an  angle  which  is 
expressed  in  degrees  and  minutes, 

"  If  the  angle  is  less  than  45^,  look  for  the  degrees  at  the  fop 
of  the  page,  and  the  minutes  in  the  lef^  hand  column ;  then 
follow  the  corresponding  horizontal  line  to  iho  cohimn  desig- 
nated at  the  top  by  mne,  cosine,  tang,  or  cotaug,  as  the  case 
may  be ;  the  nnmber  there  found  is  the  logarithm  required, 
[Thus, 


I 
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log  sin  W  55'    , 

9.5323U 

log  tan  19°  55*   .     . 

.     9.5c90'97 

If  the  angle  is  greater  than  45%  look  tor  ifaedcgimil  tk] 

hot  torn  of  the  page,   Mud   for   the  minutai   in   the  ri^ 
coliinni ;    ilu*n   follow   the   correBponding  borixootail  lint 
wunln  to  tho  cohiniu  designated  at  the  bottom  bj  Mine,  awi 
tariff /or  cofang^  iis  the  case  may  be;  the  namber  there  fonadil' 

the  logarithm  required.     Thus, 


log  COS  52**  18' 

log  tan  br  18' 


9.7B6416 

10.111884 


30.  To   find  the    logarithmic   functions    of   an  angle  wMcb  ii 
expressed  in  degrees,  minutes,  and  seconds 

Find  il*e  lopirithm  corre8{)onding  to  the  degrees  and  minat«i 

ibofort^;  iht'ti  muUiftly  the  corrt^sponding  number  taken  from 

rtiinin  l^'uded  **!*''  (whidi  is  miUionths),  bj  tlie  number  of 

1^  Add  the  jirudtirt  to  the  preceding  result,  for  tlw 

tangent,  and    subtract   it    therefrom   for   the  cosiiie  ot 

liig^nL 

EXAMPLES. 

I.   Find  the  higarithmic  sine  of  40'' 26' 26". 

OPERATION. 

log  sin  40^  2r/ 9.811952 

Tabular  dilTerence    2.47 
No.  of  seconda      .        28 

Product.     .     .     .  69.1G     to  be  added    .      69 

log  sin  40**  20' 28" 9.812021 

The  same  rule  is  followed  for  the  figures  discarded  (in 
case  16),  aa  in  Art*  7. 


2^  Find  the  logarithmic  oosine  of  53**  40'  46". 

OPERATXOK. 

leg  COS  53°  40' ,     .     9.772675 

Tabular  difference    2.86 

No*  of  seconds    .     46 

Product     ,     .     .  131.56  to  bo  subtracted  132 

log  cos  53^  40' 40"  .     .......     9.772543 

If  the  angle  is  greati^r  than  00"*,  we  find  the  required  function 
of  iti  supplement  (Art.  25). 

3.  Fiud  the  logarithmic  tangent  of  US'"  18'  25". 

OFBBATIOH. 

180° 
Gi^enarc      .....     118°  16^25" 
Supplement .....       61°  41'  35" 

log  tan  61**  41' 10.208556 

Tabolar  difference    6.04 

No.  of  seconds    ,         35 

Product    .     .     .  176.40    to  be  added  *  176 

log  Un  118**  18'  %o'    .......    10.268732 

31.    To   find   the    angle    corresponding   to    any   logarithmic 

function. 

Thia  is  done  by  reversing  the  preceding  rule:  Look  in  tlie 
proper  colunm  of  the  table  for  the  given  logarithm  ;  if  it  U 
found  there,  the  degrees  are  to  be  taken  from  the  top  or  bottom, 
and  the  minutes  from  the  left  or  right  hand  cnhimnj  as  the  case 
maj  be.  If  the  given  logarithm  is  not  found  in  the  table,  then 
find  the  next  less  logarithm,  and  take  from  the  table  the  corres- 
ponding degrees  and  minutes,  and  set  them  aside.  Subtrsiet  the 
logarithm  found  in  the  table,  from  the  given  logarithm,  ' 
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two  0*8  to  the  remainder,  and  divide  thii  resnlt  by  the  oomB- 
ponding  tabular  difference.  The  quotient  will  be  Beconds,  whidi 
must  be  added  to  the  degrees  and  minutes  set  aside,  in  the  cue 
of  a  sine  or  tangent,  and  sublracied,  in  the  case  of  a  cosine  eri 
cotangent 

EXAM  PL.ES. 

1.  Find  the  angle  corresponding  to  the  logarithmic  sine 
9.422248. 

OPKRATIOJI. 

Given  logarithm    .     .     .     9.422248 
Next  less  in  table  .     .     .     9.421857    ...     15*"  19' 
Tabular  difference     7.G8  )  391.00  (  51",  to  be  addecL 

Hence,  the  required  arc  is  15^  19'  61". 

2.  Find  the  angle  corresponding  to  the  logarithmic  coone 
9.427485. 

OPERATION. 

Given  logarithm    .     .     .     9.427485 
Next  less  in  table  .     .     .     9.427354    ...     74°  29' 
Tabular  difference      7.58  )  131.00  (  17",  to  be  subt 

Hence,  the  required  angle  is  74^  28'  43". 

32.  Theorem  I. — The  sides  of  a  plane  triangle  are  propor* 
tiojial  to  the  sines  of  their  opposite  angles. 

In  the  triangle  ABO 
let  the  large  letters  A,  B, 
C,  designate  the  angles, 
and  the  corresponding 
small  letters,  «,  ^,  c,  the 
sides  opposite ;  then, 

a  :  b  ::  8\n  A  :  sin  B; 

a  :  c  ::  sin  ^  :  sin  0; 

h  :  c  ::   sin  li  :  sin  C. 


Fio.  6. 


33.  Theorem  II* — In  any  plane  triangle^  (he  sum  of  the 
?  sides  corUaiuiiig  any  angle ^  is  to  their  differtnce^  as  the 

tangent  of  half  the  sum  of  the  two  other  angles  is  to  the  tangent 

of  half  their  difference. 


■       Thns,  in  the  triangle  ABC  (Fig.  5), 

^^fe  a-j-b  :  a—b  ::  tmi{A-^B) 
^^H  a-^c  :  a--~e  ::  Uin^{A  +  C) 
^^P        i-i-c  I  b—c   : :   tmi  I  {B^  C) 

■tema 


tan  4  {A—B)% 

taiiH-1-C'); 
taiii(i?— (7). 


By  soking  any  one  of  the  above  proportions,  the  first  three 

rms  being  known,  the  tangent  of  half  the  difference  of  the  two 

unknown  angles  is  obtained,  and   from   thitf   tangent  the  half 

.difference  itself  k  found,     Tlie   greater  of  the   two   unknown 

,ngles  is  equal  to  half  their  sum  added  to  half  their  difference; 

.he    smaller    is    equal   to   half   their   sum  dimiuiijhed  by    half 

heir  difference* 

34.  Theorem  III. — In  any  plane  triangle,  if  a  line  is 
iraum  from   the  vertex   of  the  rerticai  afu/le  perpendicular   to 

the  base^  dividing  it  into  two  segments:  then,  the  sum  of  the  two 
egmentSy  or  the  whole  base,  is  to  the  snm 
t>f  the  two  other  sides,  as  the  difference  of 
those  sideSp  to  the  difference  of  the  isegments. 

Thus,  in  the  triangle  ABC  (Fig.  C), 
B+s'  :  b+c  ::  b^c  :  s—s\ 

35.  Theorem  IT.  —  In  any  right-angled  plane  triangle, 
radius  is  to  the  tatigent  of  either  of  the  acute  angles,  as  the  side 
tdjacent  to  the  side  opposite. 

Let  CAB  (Fig.  7)  be  the  proposed  triangle^  and  denote  the 
radius  bv  i? :   then  will 


I 
1 


k 
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/^  :  tan  <7  : :  AC^  or  6  :  AB^atci 


Also, 

^  :  tan  ^  : :  AB^  or  e  :  AC^  or  *. 

36.  Theorem  V. — /li  an^  right-angled  triangle,  rndiuM  i% 
the  coshu  of  either  of  the  acute  at$gleSf  as  the  hgpotkenuse  H 
the  $ide  adjacent. 

In  the  triangle  CAB  (Fig.  7), 

iSf  :  cos  C  : :   BC,  or  a  :  J  C\  or  h ; 

S^  :  cos  B  : :    ^C,  or  a  :  .1^,  or  c. 


Also^ 


37.  Solution  of  Triangles. — The  relations  between  tb« 
gidee  and  angles  of  plane  triiiugles^,  stated  in  these  live  theoremSa 
are  sufficient  to  solve  all  the  cases  of  Plane  Trigonometry.  01 
the  SIX  parts,  which  make  up  a  plane  triangle,  three  must  hi 
given,  and  at  least  one  of  these  must  be  a  side,  U*fore  the  oti 
can  be  determined, 

II  the  three  angles  only  are  given,  it  is  plain  that  an  iudefi 
number  of  similar  triangles  may  be  constructed,  the  angles 
which  may  be  respectively  e<pial  to  the  angles  that  are  given 
and,  therefore,  the  sides  could  not  be  determined. 

Assuming,  with  this  restriction,  any  three  parts  of  a  triangle^ 
one  of  the  four  following  cases  will  always  be  presented: 


th«| 

es  of 


L 

When  two  angles  and  a  side  are  given.                   ^H 

11. 

When  two  sides  and   an  angle  opposite  one  of  them 

are  given. 

m. 

When  two  sides  and  the  included  angle  are  given. 

IV. 

When  the  three  sides  arc?  given- 

•  ir  logarithmic  fancdoiu  «r«  DMd,  R  is  equal  to  ]OjOCIC»,OOa,€00.  mnd  ttn  l^^ritlim  1 
10;  ol!i<?nrlfl«,  B  It  cqtial  to  I. 


^ 
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CASE     I. 

38.   When  two  angles  and  a  side  are  given. 

In  a  plane  triangle,  ABCy  there  are  given  the  angle 
A  =  68°  07',  the  angle  B  =  22°  37',  and  the  side  AB,  or 
c  =  408  yards ;  to  find  C,  a,  and  J.  (The  sides  lying  opposite 
the  angles  Ay  By  and  C,  are  denoted  by  a,  ft,  and  c. 

Add  the  given  angles,  A  and  By  to- 
gether, and  subtract  their  sum  from 
180°;  the  remainder  will  be  the  other 
angle,   C.      Then    from    the    proportion  fio.  s. 

(Theorem  I), 

sin  (7  :  sin  -4  : :  e;  :  a ;    a  may  be  found  ; 

and  from  the  proportion, 

sin  (7  :  sin  5  : :  c  :  J ;    h  may  be  found. 

CASE    II. 

39.   When  two  sides  and  an  angle  opposite  one  of  them  are 

given. 

In  a  plane  triangle,  ABC,  there  are  given  -4  C,  or  J  =  216, 
CBy  or  a  =  117,  the  angle  A  =  22°  37',  to  find  the  other  parts. 

GBOMETBICALLT. 

Draw  an  indefinite  right  line  A  B'B ; 
from  any  point,  as  A,  draw  AC,  making 
5^(7  =  22°  37'  and  make  ^C=216.     ^  3.  .     ^    ^ 

With  (7  as  a  centre,  and  a  radius  equal  fig.  9. 

to  117,  the  other  given  side,  describe  the 

arc  B'B ;  draw  CB  and  Cff ;  then  will  either  of  the  triangles, 
ACB  or  ACB\  answer  all  the  conditions  of  the  question. 
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TKIGONOMETRICALLT. 

Ftohi  Theorem  I,  we  have, 

a  t  b  : :  sin  A  i  sin  B. 

By  appljiTig  logarithms,  we  have, 

(a-c.)  logrt  (117) 7.931814 

log  ^(210)     .......  2.334454 

log  6111  A  (22°  37')       ....  9.584968 

log  sin  B,  45^  13'  55",  or  134°  46^  05^'    .  9.851236 

The  amhiguitj  in  this  and  isimilar  examples,  arises  in  conse- 
quence of  the  first  proportion  heing  true  for  either  of  the  angles 
ABOf  or  AB'Cf  whiclt  are  gupplemente  of  etich  other  atid,  there- 
fore, have  the  same  sine  (Art.  25)*  So  long  as  the  two  triaoglea 
A  CB  and  .46*5' exist,  the  anibiguity  will  eondnue.  But  if  the 
side  CB\,  o]>posite  the  given  angle,  is  greater  than  AC,  the  arc 
BB'f  described  from  6' as  a  eentre  and  with  a  radius  equal  to  the 
Bide  d,  wUl  cut  the  line  ABB\  oii  the  same  side  of  tiie  point  A^ 
in  but  one  poiut,  and  then  there  will  he  only  one  triangle 
answering  to  the  conditions. 

If  the  aide  CB  is  equal  to  the  perpendicular  Cd,  the  arc  Bff 
will  be  tangent  to  ABB\  and  in  this  case  also,  there  will  he  but 
one  triangle.  When  CB  is  less  than  the  perpendicular  Cd^  the 
arc  BB'  will  not  intersect  the  base  ABB\  and  in  that  case  no 
triangle  can  he  formed,  or  it  will  be  impossible  to  fulfill  the  con- 
ditions of  the  problem. 

In  the  example  under  consideration,  there  are  two  solution^ 
the  first  corresponding  to  i?  =  45*^  13'  55",  and  the  second  to 
J5'C=134M6'05^ 

PiaST    OASB. 

A 22°  37' 

B 45°  13^  55" 

C 180— e?*"  50'  55"  =  Hi"* 
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Then,  in  the  triangle  A  CB, 

Biu  B  :  sin  C  ::  b  :  c, 
and  applying  logarithms, 

(a.  e)  log  sin  B  (45°  13'  55")     ....  0.148764 

log  sin  C(112°  09'  05")    ....  9.966700 

log  b  (216) 2.334454 

log  c  281.785 2.449918 

SECOND   CASE. 

A 22°  37' 

B 134°  46'  05" 

C" 180°->157°  23'  05"  =  22°  36'  55". 

Then,  in  the  triangle  AC'B', 

sin  jB'  :  sin  C  :  b  :  </, 

and  appljring  logarithms, 

(a.  c.)  log  sin  B  (134°  46'  05")     ....  0.148764 

log  sin  C"  (22°  36'  55")     ....  9.584943 

log  b  (216) 2.334454 

log  c'  116.993 2.008161 

2.  Given  two  sides  of  a  triangle,  50  and  40  respectively,  and 
the  angle  opposite  the  latter,  equal  to  32° ;  required  the  remaining 
parts  of  the  triangle. 

Ans.  If  the  angle  opposite  the  side  50  is  acute,  it  is  equal  to 
41*"  28'  59";  the  third  angle  is  then  equal  to  106°  31'  01",  and 
the  third  side  to  72.368.  If  the  angle  opposite  the  side  50  is 
obtuse,  it  is  equal  to  138°  31'  01",  the  third  angle  to  9°  28'  59", 
and  the  remaining  side  to  12.436. 
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CASE*  III. 

40.    When  two  sides  and  their  included  angle  are  given. 

Let  ABC  be  a  triangle;  AB  and  jBC,  a 

the  given  sides,  and  B  the  given  angle. 

Since    B  is   known,   we  can  find  the 
sum  of  the  two  other  angles ;  for, 

Fio.  10. 

A  +  C  —  180°-^, 
and 

i(^-hC)  =  i(180°-^). 

We  next  find  half  the  difference  of  the  angles  A  and  (7,  bj 
Theorem  II,  viz., 

BC+BA  :  BC—BA  ::  tsLni(A  +  C)  :  tan|(^  — C7), 

in  which  we  consider  BC  greater  than  BA,  and  therefore  A  is 
greater  than  Cj  since  the  greater  angle  must  be  opposite  the 
greater  side. 

Having  found  half  the  difference  of  A  and  C,  by  adding  it  to 
the  half  sum,  J  (-4-f  C),  we  obtain  the  greater  angle,  and  by 
subtracting  it  from  half  the  sum,  we  obtain  the  less.     That  is, 

i{A-\-C)-]-i(A-C)  =  A, 
and 

i(A-hC)-i{A^C)  =  a 

Having  found  the  angles  A  and  (7,  the  third  side  A  C  may  be 
found  by  the  proportion, 

sin  ^  :  sin  £  : :  a  :  b. 
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CASE     IV. 

41.    Haying  given  the  three  sides  of  a  plane  triangle  to  find 

the  angles. 
Let  fall  a  perpendicular  from  the  angle  opposite  the  greatest 
side,  dividing  the  given  triangle  into  two  right-angled  triangles  ; 
then  find  the  difference  of  the  segments  of  the  base  by  l^eorem 
III.  Half  this  difference  being  added  to  half  the  base,  gives  the 
greater  segment ;  and,  being  subtracted  from  half  the  base,  gives 
the  less  segment;  the  greater  segment  belongs  to  the  right- 
angled  triangle  having  the  greater  hypothenuse.  We  then 
have  two  sides  and  the  right  angle  of  each  of  two  right-angled 
triangles,  to  find  the  acute  angles. 

Example. — The  sides  of  a  plane 
triangle  being  given ;  viz.,  BC  =  40, 
^C  =  34,  and  AB  =  25  ;  required  the 
angles. 


40  +  13^  =  26.6375  =  CD. 

hi 

=  13.3025  =  BD. 


In  the  triangle  DAC,  to  find  the  angle  DAC. 
AC  \  DC  ::   sin  D  :  sin  DAC 

Applying  logarithms,  we  have, 

(a.c.)  logi4C(34) 8.468521 

log  i>C  (26.6375) 1.425493 

log  sin  i>  (90°) 10.000000 

logsini>-4C5r34'40"    .     .     .  9.894014 
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In  the  triangle  BAD,  to  find  the 

AB  :  Bl)  ::  BinD  :  an  BAD. 

Applying  UigHrithmsy  we  baye, 

(iwis)  UHr--(AC^«'^) &G(O0C0 

Uig  «/>  (i:UG25) 1.U5887 

%     \^^g  rill  />  (90^) 10.000000 

Kv*m  ft.l/^32M8'35"    .    .    .  9.727947 

U*Mi^>\     inr ~/Mf^  =  JHr^-5r  34'  40"  =  38°  25'  20"  =  (7, 
^^^yl         xnr  -  HA  n  =  lKr^-3*^°  18'  35"  =  57°  41'  25"  =  B, 

^wyi    ^^^^  i  tKtr  =  m^  34'  40"+32°  18' 35" 

:*  v^r  XV  15     =  A. 

itt.  r^v^utlon  l^f  Right-angled  Trianglea— The  uh 
KH»n\M  (HMUv^fii  iiitlif-^iiiirkHl  tiiaugle  maybe  found  by  one  of 
ilu»  lrt«l  f^MU'  ^HlmMi  i  ^M\  it  two  of  tin*  sides  are  given,  by  means  of 
{\\\^  )m^|MMn  timf  <ho  .M^udiv  of  the  hypothenuse  is  equal  to  tbe 
p\\\\\  »*f  tho  «n|Mrth^  \\t\\w  two  other  sides.    Or,  the  parts  may  be 

1^  \  A  MPLBS. 

I;  <M  \s  \\g\s{  m^M  trmugle  BAi\ 
<hiih»  rth*  (jiM^n  <hp  h\>H4l^emi«H*  W(^  = 
5ino.   Mhd    Ou»  im«i»     If*    -^40:  nHnunni     ^^ 

i  I  .  I  Flo.  ML 

.iw.v,    /^     vr  w  \ja* :  ('=  k;^  15'  37";  ^jB  =  70. 

5i.  In  u  right-^iuglod  trmnglo  BA(\  there  are  given, 
A  a  =  384,  and  B  =  53°  08' ; 
required  the  remaining  parts. 

Ans.    AB  =  287.96  ;  ^C=  479.979  ;  C=  36°  52'. 
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SECTION    III. 

INSTRUMENTS    FOR    PLOTTING. 

43.  The  ordiuary  implements  for  making  a  diagram  or  plot 
of  a  survey  are— drawing  board  ;  T-square  ;  dividers  ;  ruler  and 
triangle  ;  scale  of  equal  parts  ;  semicircular  protractor. 


Pio.  la. 

44.  A  Drawing  Board  (Fig.  13)  is  a  rectangular  board  of 
about  24  by  30  inches,  }ths  of  an  inch  thick,  made  of  several 
pieces  of  well  seasoned  white  pine,  fitted  together  with  the  grain 
running  in  different  directions  to  prevent  warping.  It  is 
important  that  its  angles  should  be  perfect  right  angles. 


Q 


Fig.  14. 

45.  A  T-square  (Pig.  14)  is  a  ruler  about  2  feet  in  length  let 
into  a  thicker  piece  of  wood  at  right  angles  to  it.  One  side  of  the 
cross-piece  is  even  with  the  ruler  and  the  other  side  projects 
somewhat,  giving  a  shoulder  on  that  side.  It  is  a  convenient 
instrument  for  drawing  parallels  and  perpendiculars. 
3 
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46.  The  Dividers  (Fig.  15) 
consists  of  two  legs  ha,  hf\  whicli 
may  be  easily  turiii^d  around  u 
joint  at  Ih 

One  of  the   principal   uses  of 
this  instrument  is  to  lay  off  on  a  line^  a  distance  equal  to  a  giTeii 
line. 

For  example,  to  lay  off  on  CD,  a  diatajice  equal  to  AB. 


Af- 


-IB 


Ch 


Open  tlie  points  of  the  dividers  to  a 
greater  distance  than  AB^  place  one  point 
Ihjhtltj  niK>n  A,  and  then  slowly  and  con- 
tinuously  close  them  till  the  point  reaches 
B.  Then  nilse  the  dividert^,  place  one  foot  at  C,  and  mark  with 
the  other  the  distance  CEi  this  will  evidently  lie  equal  to  AB, 


Pig.  16. 


47.  Ruler  and  Triangle.— A  Rnkr  of  convenient  size  is 
about  twenty  inches  in  length,  two  inches  wide,  and  a  fifth 
of  an  inch  in  thicknees.  It  thould  be  made  of  a  hard  material, 
perfectly  straight  and  smooth. 

The  hypothenuse  of  Ihe  right-an^lcHl  triangle,  which  is  nsed  in 
connection  with  it,  should  l^e  about  ten  inchea  in  length,  and  it 
is  most  convenient  to  have  one  of  the  eides  considcrahly  longer 
than  the  other. 

The  two  following  problems  may  Ije  solved  with  the  ruler  and 
triangle. 


L  To  draw  through  a  given  point  a  line  which  shall  be  par* 
allel  to  a  given  line. 

40w   I^t  Ohe  the  given  point,  and  AB  the  given  line. 

PUico  the  hvfKJthennsc  of  the  triangle 

against  the  edge  of  the  mler,  and  then       ^ 

place  the  ruler  and  triangle  on  the  pafier,     A b 

8o  that  one  of  the  sidcf^  of  the  triangle  ^^  '^ 

fiball  coincide  exactly  with   .1^;    the  triangle  being  below  the 

linew 

Then,  placing  the  thumb  and  fingers  of  the  left  Itand  firmly 
on  the  raler,  slide  the  triangle,  with  the  other  hand^  along  the 
mler,  until  the  side  which  coincided  with  AS  reaches  the  |>oLnt 
C,  Extend  the  first  and  second  fingers  of  the  left  hand  upon 
the  triangle  to  hold  it  firmly  in  place,  the  thumb  and  remaining 
fingers  steadying  the  ruler,  and  with  the  right  hand,  mark  with 
a  pen  or  pencil,  a  line  tlirongh  C:  this  line  will  be  pariUlel 
to  AB. 


n.   To  draw  through  a  given  point  a  line  which  shall  be  per* 
pendicular  to  a  given  line. 

49.  Let  AB  be  the  given  line,  and  D  the  given  point 
the  hypothennse  of    the   triangle 
the  edge  (if  the   ruler,   as    before. 
Then   phice  the  ruler  and  triangle  so  that 
fiBc  of  the  aides  of  the  triangle  elmll  coin- 
cide exactly  with  the  h'ne  .1^.     Then  elide 
the  triangle  along  the  nilor  until    the  other  side  reaches  the  ; 
point  D :    then,  draw  through   D,  a  right  line,  and  it  will  be  ^ 
perpendicular  to  A  H, 

The  right  angle  of  the  triangle  should  be  carefully  tested 
by  laying  off  a  perpendicubr   through   the  same  givea  ^int^ 


^ B 

FlO.  19. 
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witli   the   triaogle  in  two  positions— to  the  right  of  th©  per- 
peiidieular,  and  then  to  the  left  of  it. 

50.  A  Scale  of  Equal  Parts  (Fig.  20)  is  formed  by  dirid- 
iiig  a  line  of  a  given  lengthy  into  equsl  portions. 


Fie.  20. 


I 


If,  for  exaniplej  the  line  a  J,  of  a  given  length,  eay  one  inch, 
be  divided  into  any  number  of  equal  parts,  as  10,  the  scale  thus 

f(irined  ia  called  a  scale  of  ten  parts  to  the  inch.  The  line  ah, 
which  18  divided,  is  called  the  unit  of  the  Mcale.  This  nnit  is 
laid  otf  several  tiincss  oti  the  left  of  the  divided  line,  and  the 
points  marked  1,  2,  3,  Ac* 

The*  unit  of  seales  of  equal  part^  is,  in  general,  either  an 
inch,  or  an  exaet  part  of  an  inch.  If,  for  example,  ab,  the  unit 
of  the  scale,  were  half  an  inch,  the  scale  would  be  one  of  10  |iarU 
to  half  an  ineh»  or  of  20  [larts  to  the  inch. 

If  it  were  required  to  take  from  the  scale  a  line  equal  to 
hvo  inches  and  six-tenths,  place  one  foot  of  the  dividers  at  2, 
on  the  left,  and  close  the  other  to  ,6,  which  marks  the  sixth 
of  the  small  divisions:  the  dividers  will  then  embrace  the 
required  distance. 
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one  inch.  J,  J*  or  J  (*f  an  inch,  in  length.  On  ab  de^ribo 
the  equan?  ahcd.  Divide  the  sides  ab  and  dc  each  into  ten  equal 
parte.     Draw  afy  and  the  other  nine  parallels  as  in  the  figure. 

Produce  ba^  to  the  left,  aad  lay  off  the  iiuit  of  the  scale 
any  convenient  niimter  of  times,  imd  mark  tlie  p*_>int8  1,  2,  3, 
&c.  Then,  divide  the  line  ad  into  ten  equal  parts,  and  through 
the  points  of  divigiou  draw  parallels  to  ab,  as  in  the  lignre. 

Now,  the  email  divisions  of  the  line  ab  arc  each  one-tenth  (.1) 
of  ab  ;  they  are  therefore  .  1  of  mlf  or  ,  1  of  ttg  or  gh* 

If  we  consider  the  triangle  adf,  we  see,  that  the  base  df  is 
one-tenth  of  ad,  the  unit  of  the  scale.  Since  the  distance  from 
a  to  the  first  horizontal  line  above  ab  is  one-tenth  of  the  diatunce 
flrf,  it  follows  that  the  distance  measured  on  that  line,  between 
ad  And  a/*,  is  one-tenth  of  f//":  but  einue  one-tenth  of  a  tenth  is 
a  hundredth^  it  follows  that  this  distance  is  one  hundredth  (.01) 
of  the  unit  of  the  scale*  A  like  distance,  mea.-§ured  on  the  second 
line,  is  two  hundredths  (.0*^)  of  the  unit  of  the  Bcale;  on  the 
third,  .03;  on  the  fourth,  ,04,  &c. 

If  it  were  required  to  take,  in  the  divider?,  the  unit  of  the 
le,  and  any  number  of  tenths,  place  one  foot  of  the  dividers 
fti  1,  and  close  the  other  t*:?  that  figure  between  a  and  b  wliich 
dc'fiignatea  the  tenths.  If  two  or  more  units  are  required, 
the  dividers  must  be  placed  on  a  point  of  division  further  to 
the  left. 

When  units,  tenths,  and  hundredths  arc  required^  place  one 
foot  of  the  dividers  where  the  vertical  line  through  the  point 
which  designates  the  unit8,  intersects?  the  line  which  designates 
the  hundredths  :  then,  close  the  dividers  to  that  line  between  ad 
and  be  which  designates  the  t^jnths;  the  distance  so  embraced 
will  be  the  one  required. 

For  example,  to  take  off  the  distance  2*34,  we  place  one  finit 
of  the  dividers  at  /,  and  close  the  other  to  e  :  and  to  take 
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52.  A  Semicixcnlar  Pxotzactor  i  FEg.  ^>  is  used  to  ky 
down,  or  promct  angkrs.  It  mar  al^o  be  used  to  memsore 
angles  incladed  between  lines,  already  dnwn  upon  paper. 

It  coamt«  of  a  brass  semicircle,  ABC.  dirided  to  half 
tUffreetL  The  degrees  are  numbered  from  0  to  lSi\  both  ways ; 
that  w,  frf^m  A  to  B  and  from  B  to  A,  The  dindons,  in  the 
flgfir<?,  urc,  made  only  to  degrees.  There  is  a  small  notch  at 
th^;  middle  of  the  diameter  AB,  which  indicates  the  centre  of 
tb^j  pr^/tra/4/ir. 
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To  lay  off  an  angle  with  a  Protractor. 

53.  Place  the  diameter  ^^  on  the  line,  so  that  the  centre 
shall  fall  on  the  angular  point.  Then  count  the  degrees  con- 
tained in  the  given  angle,  from  A  toward  B,  or  from  B  toward 
A,  and  mark  the  extremity  of  the  arc  with  a  pin.  Bemove 
the  protractor,  and  draw  a  line  through  the  point  so  marked, 
and  the  angular  point:  this  line  will  make  with  the  given  line 
the  required  angle. 

The  ordinary  brass  or  horn  protractors  are  of  but  little  value. 
Printed  protractors  of  six  and  twelve  inches  diameter,  upon 
heavy  paper,  or  bristol  board,  and  divided  to  quarter  degrees, 
are  very  useful  and  reliable. 

By  the  following  method  an  angle  may  be  laid  ofE  with  even 
greater  accuracy  than  with  a  protractor.  With  a  reliable  scale  of 
inches,  divided  to  hundredths,  set  the  dividers  at  five  inches,  and 
placing  one  point  at  the  given  vertex  A  (Fig. 
23),  describe  the  arc  BC;  take  out  from  the 
table  the  natural  sine  of  haif  the  given  angle, 
multiply  it  by  10,  and  call  the  product  inches  ; 
with  the  dividers  take  off  this  number  of  inches  ^°"  ^ 

from  the  scale,  and  placing  one  point  at   B,  describe  an  arc 
cutting  -6(7 at  C;  CAB  will  be  the  required  angle. 

It  is  evident  that  twice  the  sine  of  half  the  angle  is  the  chord 
of  the  whole  angle ;  and  since  the  radius  used  is  5  inches,  wo 
have 

2  (Nat.  sine  ^a  x  5)  =  10  x  Nat.  sine  id. 
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SECTION     IV. 

DEFINITIONS. 

54.  Surveying  comiirises  all  the  operatioDS  necessvy  for 
lliidiii^  tlu*  IcngtliK  uiid  directions  of  the  boundiDg  lines  of  any     | 
iHirlioti  of  tlie  eurtirs  Hurface^  the  area  of  soch  portion^  and  for 
iiiiikiiig  on  paper  uii  accurate  dclineatioDy  or  map.  of  the  surface 

and  Mm  hoiindarit^.s. 

55.  Piano  Surveying  i.s  that  branch  of  sunreying  in  which 
liit<  (Mirvattin^  of  tlie  earth  is  neglected,  as  it  may  be  vhen  the 
HiifNcy  in  limited  to  Hinall  portions  of  the  snrfaee. 

56.  Goodosy,  or  Geodetic  Surveying,  is  that  branch  in 
wliieli  (li(^  eiirvatiin;  of  the  eartli  is  taken  into  aceonnt,  as  it 
nm.-.t  III'  in  all  c^xlensivc^  Kurveys. 

57.  A  Horizontal  Plane  at  any  point  is  a  plane  perpcn- 

diculur  to  the  radiuri  of  the  earth  drawn  to  that  point. 

56.  A  Vortical  Plane  is  a  plane  perpendicular  to  a  hori- 
zontal plane. 

59.  A  Horizontal  Line  i.s  any  line  of  a  horizontal  plane. 

60.  A  Vortical  Line  is  a  line  perpendicular  to  a  hori- 
zontal plane. 

61.  An  Oblique  Line  is  a 
line  in<'lined;  /.  r,  neither  par- 
allel nor  perj)endi(;ular  to  a  hori- 
zontal plane. 

Thus  (Fig.  24),  A  B  and  DC  fio.  % 

are  horizontal    lines ;    DC   and 
-42)  are  vertical  Hnes  ;  and  -40  and  BD  are  oblique  linea. 


SEC.  IV.]  DEFINITIONS.  41 

62.  The  Horizontal  Distance  between  two  points  is  the 
horizontal  line  intercepted  between  the  two  vertical  lines  passing 
through  those  points.  Thus,  DC  or  AB  (Fig.  24),  is  the  hori- 
zontal distance  between  the  two  points  A  and  (7,  or  between 
the  points  B  and  D. 

63.  A  Horizontal  Angle  is  an  angle  whose  sided  are  hori- 
zontal ;  the  plane  of  its  sides  is  also  horizontal. 

64.  A  Vertical  Angle  is  an  angle  the  plane  of  whose 
sides  is  vertical. 

65.  An  Angle  of  Elevation  is  a  vertical  angle  having  one 
of  its  sides  horizontal  and  the  other  oblique,  the  oblique  side 
being  above  the  horizontal  side.  Thus,  BAC  (Fig.  24)  is  the 
angle  of  elevation  from  A  to  C. 

66.  An  Angle  of  Depression  is  a  vertical  angle  having 
one  of  its  sides  horizontal  and  the  other  oblique,  the  oblique  side 
being  below  the  horizontal  side.  Thus,  DCA  (Fig.  24)  is  the 
angle  of  depression  from  G  Ui  A. 

67.  An  Oblique  Angle  is  an  angle  the  plane  of  whose 
sides  is  inclined  to  a  horizontal  plane. 
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or  tag,  which  is  notched  to  designate  its  number  from  the  end. 
The  tag  at  the  middle,  or  fifty-link,  point  is  distinguished  by 
being  rounded,  or  by  some  other  peculiarity  of  make.  As  the 
tags  at  equal  distances  from  the  two  ends  of  the  chain  are 
marked  the  same,  care  must  be  taken  not  to  mistake  forty  links 
for  sixty,  &c.,  and  the  reverse.  To  avoid  such  error,  it  would  be 
better  to  have  the  tags  marked  in  regular  order  from  the  begin- 
ning to  the  end  of  the  chain,  rather  than  from  both  ends  to  the 
middle. 

A  link  in  measure  includes  a  iar,  with  its  connecting  ring  at 
each  end;  when  there  are  three  connecting  rings,  a  ring  and  a 
half  at  each  end  is  included. 

The  handles  are  of  brass,  and  each  forms  part  of  the  end  link, 
to  which  it  is  connected  by  a  nut,  by  which  also  the  length  of 
the  chain  is  adjusted. 

To  determine  whether  to  measure  from  the  inside  of  the  bi'ass 
handle,  or  from  the  outside,  double  back  the  last  two  or  three 
links  upon  the  preceding  links  and  compare. 

The  division  of  the  chain  into  100  equal  parts  is  very  con- 
venient, since  the  divisions,  or  links,  are  decimals  of  the  whole 
chain,  and  in  the  calculations  are  treated  as  such. 

TABLE. 

1  chain  =  4  rods  =  66  feet  =  792  inches  =  100  links. 
1  link     =  7.92  inches. 
80  chains  =  320  rods  =  5280  feet  =  1  mile. 

An  excellent  chain  for  accurate  measurements  is  Grum- 
man's  patent  "suspended  chain,"  which  is  made  of  very  light 
steel  wire,  is  fitted  with  spring-balance,  thermometer  and  spirit- 
level  attachments,  and  is  held  above  the  surface  when  in  use,  the 
ends  of  the  chain  being  marked  upon  the  ground  by  the  points 
of  plummets  let  fall  from  the  end  notches. 
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Instead  of  a  chain,  wliich  ia  liable  to  error  because  of  ih 
bara  and  rings  becoming  worn  by  frequent  eonta^tgy  a  ated 
ribbon  or  tape  is  often  used. 

69.  Besides  the  chain  ur  tape,  the  surveyor  needs  t«D  (or 
better,  eleven)  murking  pins  (Fig.  26)^  made  of  iron  or  steel  wire, 
about  an  eigluh  of  tin  inch  in  thickness  and  a  ftiot  long,  sharpened 
at  one  end  and  Iient  into  a  ring  at 
the  other,  for  marking  cliuni 
lengths  on  the  ground  ;  a  plumhoh 
(Fig.  27)  and  line  for  i-eferring, 
when  neees^sury,  points  in  theehain 
held  horizontally   to   the   inelmed 

fuce  of  the  grountl  ;  nnd  a  ^et 
of  flag-poles,  or  ranging  rods,  for 
marking  stations  and  ranging  out 
lines.  The  marking  pins  should 
be  strung  upon  an  iron  ring  with 
a  8pring-€atch^  and  this  ring 
should  be  attaehed  to  a  ^trap  to 
l>o  passed  over  the  right  shoulder 
suspending  the  pins  at  the  left  side  ;  or,  better,  the  pins  may  be 
carried  in  a  leather  quiver  strapped  to  the  waist 

The  pins  should  be  fagged  with  white  cloth  to  enable  the 
surveyor  to  find  them  again  readily,  when  they  have  been  left  to 
mark  a  point. 

70.  To  Measure  a  Horizontal  liine.^^Tlie  point  where 
the  measurement  is  to  Wgin  is  located  by  a  Btat!  temporarily 
l)hu*ed  for  the  purpose,  or  by  some  one  of  the  many  perntanenl 
marka  by  which  the  angular  points  in  a  boundary  are  fixed. 

The  other  extremity  of  the  line  must  l*e  provided  with  a  stiitf 
or  flag  win* eh  can  be  easily  seen. 

Two  chainmen  ai-e  required,  a  fore-chain  man,  or  leader,  and 
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hind-chain mau,  or  follower.     The  more  careful  and  expert  of 
le  two  should  be  the  follower. 

The  leader,  with  the  marking-pins  and  one  handle  of  the 
lain  in  his  right  band,  starts  off  on  the  line,  drawing  out  the 
lain  to  its  ftdl  length.  Both  ehainmen  now  examine  it  to  see 
at  there  ai'e  no  inaecuraefi'9  in  it,  either  from  bent  links  o] 
inks  in  the  rings  joining  the  linLs.  HiU'ing  adjusted  the  chain' 
ir  nse,  the  leader  resumes  his  place,  to  be  directed  by  the 
lUower,  who  stands  behind  the  Btaff  at  the  beginning,  and  sights 

the  stalE  at  the  end  of  the  line,  so  that  the  measurement  ghall 

made  exactly  along  the  established  line* 

To  facilitate  this  (on  level  ground)  and  to  insure  the  correct 
gnment  of  the  pin,  at  its  proper  distance,  the  chain  and  one 

should  be  held  firmly  in  the 
ght  band,  as  repi-esented  in  Figure 
L  While  the  pin  is  being  aligned, 
should  be  held  by  the  leader  as  far 
om  the  body  as  possible,  so  that  the 
lew  of  the  tlag  be  left  unobstructed. 
b  accomplish  this,  and  at  the  flame 
me  draw  the  chain  to  the  proper 
►gree  of  tension,  the  right  arm 
,outd  be  braced  against  the  inside 
I  the  right  knee. 

TliD  follower  directs,  by  the  simple  orders  "right'' or  'Meft/* 
Scording  as  the  pin,  held  as  described,  is  to  be  carried  to  the  right 
'  left  to  bring  it  into  line  with  the  tlag.  When  the  pin  is  truly 
,  line,  the  chain  at  the  same  time  being  drawn  gtraight  and 
nt,  the  order  "down"  is  given,  when  the  leader  bringing  his 
ft  hand  to  bear  on  the  top  of  the  pin,  forces  it  veriicalhj  into 
le  ground,  and  resumes  his  course  to  the  length  of  another 
Winin. 
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If,  for  any  reason,  the  pin  can  not  be 
driven  into  the  ground,  the  end  of  the 
chain  length  should  be  marked  by  driving 
the  pin  obliqui'ly^  always  ut  right  angles  to 
the  ehatn  ;  if  this  cannot  be  done,  a  crosa 
should  be  scratched  on  the  ground  at  the 
exact  point,  and  the  pin  laid  down  with  its 
point  at  the  mark. 

After  one  or  two  chains  hiive  been 
measni-ed,  on  any  line,  the  leader  can,  by 
glancing  back  to  the  at^ition  ju^t  left,  place  the  pin  nearly  in  the 
j*ight  position  ;  the  exact  aligning  should  be  left,  however,  to 
the  follower. 

Wlien  the  distance  to  l>e  measnred  is  more  than  ten  chains^ 
the  pins,  when  exhausted,  should  be  returned  to  the  leader,  the 
diistanee  noted  in  a  field-book  provided  for  the  purpose,  and  the 
chaining  recommenced  at  the  place  of  the  tenth  pin*  If  but  teti 
jHus  are  nsixl,  the  follower  has  tlien  but  the  hole  made  by  the 
tenth  pin  to  measure  from.  For  this  reason,  eleven  pins  arfif 
often  used,  the  eleventh  being  of  different  material  from  U»e 
others  for  ilisti notion,  and  is  used  by  the  follower  to  measurft 
from  when  tlie  ten  pins  are  returned  to  the  leatler. 

71*  Ail  distjinces  should  be  measured  horizontally.  Hence, 
when  the  ground  slopes,  one  end  of  the  chain  must  be  elevated. 
Each  diuinman  should  be  provided  with  a  small  plumb-line, 
that  tbe  elevated  end  of  the  eliain  may  be  held  directly  over  thi 
proper  point. 

When  the  raised  end  of  the  chain  is  only  two,  or  even  three 
feet  above  the  ground,  it  will  suffice,  in  many  cases,  to  use 
marking-pin,  held  lightly  by  the  point,  between  the  thumb  an 
finger,  instx^ad  of  a  plumb-line*     When  the  chaining  is  on  o  stee 
inclioatiott,  other  precautions  should  he  observed. 
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Suppose  the  chaining  to  be  up  hill.    The  leader  draics  the 
chain  out  to  its  full  length,  as  in  any  other  case^  and  then  returns 
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to  within  such  a  distance  of  the  follower,  that  when  the  chain  is 
drawn  ont  to  that  length  horizontally,  it  shall  not  be  too  high  to 
be  held  conveniently. 

The  follower  holds  his  end  of  the  chain  carefully  over  the 
point  or  station,  by  means  of  the  plumb-line,  while  he  directs  the 
leader  in  the  usual  manner. 

The  point  fixed  in  this  manner,  by  the  leader,  must  not  be 
marked  by  a  marking-pin,  but  by  a  small  peg  or  nail.  At  the 
order,  "Down,**  the  leader  does  not  go  forward  immediately,  but 
waitB  VDtil  the  follower  comes  up  and  takes  the  chain  by  the 
precise  point  held,  the  moment  before,  to  the  ground. 

This  point  is  now  held  above  the  peg  by  the  the  follower, 
who  uses  the  plumb,  as  before,  and  aligns  the  leader,  who  has 
taken  hold  of  the  chain  a  few  links  farther  on,  and  is  holding  it 
to  the  ground.  These  short  distances  are  not  recorded.  The  end 
of  a  full  chain  is  marked  by  a  marking-pin. 
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In  chain iog  doion-kill,  the  method  is  essentially  the  same, 
The  leader  iisses  tlse  plurab,  and  determines  by  it  where  the  peg 
is  to  be  placed. 

At  the  end  of  a  course*  the  part  of  a  chain  is  mcasoretl 
drawing  the  chain  otdt/  to  ihejhrff^  where  it  is  held  l>y  the  leatlor, 
until  the  fuUower  comes  forwaj-d  to  the  last  pin,  and  countd 
the  links. 

In  measuring  up  the  hill  fmm 
A  to  C,  or  dowD  the  hill  from 
C  to  Af  the  horizontal  distances 
a  bf  €  d,  and  /  C\  are  ineasnred  and 
their  sum  is  the  korizonial  dis- 
tance between  ^4  and  0. 

Chaining  dotvn  hill  gives  more 
accurate  results  than  chainnig  up  ;  for  in  chaining  down,  th» 
follower  holds  the  chain  firmly  upon  the  ground  and  no  ordinary 
pull  by  the  leader  moves  it.  It  is  imposaiblo  to  hold  a  chain 
jMM'fectly  steady  over  a  point,  by  means  of  a  long  plumb-line, 
while  the  leader  is  polling  out. 

72.  When  the  ends  of  aline  can  not  be  seen,  each  from  the 
other,  intermediate  points  between  the  two  mii^t  lie  established. 
When  a  hill  intervenes,  snch  points  may  he  established  thuB  :  let 
the  siin-eyor  and  an  assistant,  each  with  a  raoging-rod,  place 
themselves  as  nearly  in  the  line  as  possible,  and  in  such  position 
that  each  can  see  the  other  and  the  flag  beyond  him.  The  sur- 
veyor looking  to  the  flag  at  the  end  of  the  line,  directs  the 
assistant  into  line  with  it ;  the  assistant  then  looks  to  the  flag 
at  the  beginning  of  the  lino  and  directs  the  surveyor  into 
line  mill  it ;  the  surveyor  from  his  new  position  redirects' 
the  assistant  into  line  with  the  end  flag-staff ;  the  assistant 
then  realigns  the  surveyor  with  the  flag-staff  at  the  beginning 
of  the  line  ;    the   operation   is  repeated   till  both  stimd  in  the 
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desired  line,  when  their  positions  are  marked  with  the  rang- 
ing-rods. 

73.  When  a  valley  is  to  be  chained  across,  intermediate 
points  in  the  lower  portions  of  it  may  be  fixed,  if  necessary,  by 
the  surveyor  holding  a  plumb-line  so  as  to  cover  the  flag-st^iffs  at 
both  ends  of  the  line  and  directing  an  assistant  to  fix,  between 
the  two,  ranging-rods  which  shall  also  be  covered  by  the  plumb- 
line. 

74.  When  a  wood  intervenes  between  the  two  ends  of  a  line, 
a  trial  line  may  be  run  out  by  ranging-rods  placed  at  convenient 
distances  in  line  with  each  other  and  with  the  staff  at  the 
beginning  of  the  line,  and  as  nearly  as  possible  in  the  required 
line.  Then  draw  on  the  ground  a  perpendicular  (by  a  method 
to  be  shown  presently)  from  the  staff  at  the  end  of  the  required 
line  to  the  trial  line  just  run  out,  and  measure  the  length  of 
this  perpendicular.  The  ranging-rods  may  then,  by  the  property 
of  similar  triangles,  be  put  in  their  true  position  in  line.     Thus, 


J (?  is  to  be  measured;  the  trial  line  AF  is  run  out  and  the 
nmgingj|od8  By  (7,  &c.,  fixed  at  known  distances  apart  and  as 
nearly  in  the  line  as  possible  ;  the  perpendicular  OF'i^  measured  ; 
then  from  the  similar  triangles,  AFG  and  ABHy 

AFi  AB  ::  FO  :  BH. 

The  distance  BH  thus  becomes  known,  and  the  ranging-rod 
at  B  is  moved,  on  a  perpendicular  to  AF^  the  required  distance 
to  its  true  position  at  Jff.     The  other  ranging-Toda  ate  m  \^^ 
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manner  put  in  their  true  positions  at  /,  A',  &c,,  and  the  true  line 
is  marked  out* 

75.  To  trace  on  the  ground  the  direetioji  of  a  straight  linCp 
that  shaU  be  perpendicular,  at  a  given  point,  to  a  given 
straight  line. 

FIRST     METHOD 

Any  three  lines  having  the  rutio  3,  4,  and  5,  form  a  ri^ 
angled  triangle. 

Let  AB  (Fig.  33)  be 
the  given  line  and  C  the 
point  at  whicli  the  jier- 
pendicnlar  is  to  be  drawn. 
Divide  the  number  of 
links  in  the  chain  by  8, 
neglecting  the  remainder ; 
if  we  are  using  the  lOQ-link  chain  the  quotient  would  be  12  Hnks. 
From  the  point  C  measure  a  distance  towards  A  equal  to  four 
times  this  quotient  (48  links);  place  one  end  of  the  chain  at  C, 
and  the  end  of  the  96th  link  [(5  +  3)  xl3  :=  9G]  at  A;  then 
taking  the  end  of  the  36th  link  (3  x  12)  puU  out  the  chain  bo 
that  the  two  portions  FA  and  EC  arc  taut,  and  E  will  be  ft 
point  on  the  perjiendicular  required. 

Tbia  method  supposes  the  chain  to  be  correctly  divided  into 
links* 

BSCONn     METHOD 

Let  AD  be  the  given  right  line, 
and  D  the  point  at  which  the  perpen- 
dicular is  to  be  drawn.  Take  the 
longest  available  distance  on  the  tape 
or  chain  (the  whole  of  it  if  possible), 
and  place  one  extremity  at  A  and 
fasten  the  other  at  some  point,  as  E, 
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twecn  tbe  two  lines  whieli  are  to  form  the  right  angle.     Place 

staff  at  S.  Then  J  having  stationed  a  person  at  i),  remove  that 
extremity  of  the  ehain  and  carry  it  round  autil  it  ratigoB  on 
the  line  DA,  at  A,  Place  a  staff  at  A  :  tlien  remove  the  end 
Df  the  chain  at  A^  and  carry  it  round  until  it  falls  on  the  line 

E,  prolonged,  at  F,     Then  place  a  staff  at  F;  ADF  will  be 

right  uugle,  being  un  angle  iu  a  semicircle. 

This  method  is  independent  of  any  errors  of  graduation  of 
the  chain  ;  it  also  gives  the  largest  possible  construction  in  tiro 
field,  a  matter  of  importance  as  insuring  the  most  correct 
results. 

76,  There  is  a  simple  instrument  for  laying  off  right  angles  on 
^e  ground  called  the  Surveyors 
Cross.  This  instrument  coo- 
ists  of  two  bars,  A  B  and  6'Z>, 
?ig.  35,  permanently  fixed  at 
right  angles  to  each  other,  and 
firmly  attached  at  E^  to  a 
pointed  staff,  which  serves  as 
support.  Four  sights  are 
rewed  firmly  to  the  bars,  by 
cans  of  the  screws  a,  b,  c, 
d  d. 

As  the  only  use  of  this  tn- 
ttrnment  is  to  lay  off  right 
►nglef,  it  is  of  the  first  im- 
lortance  that  the  lines  of  sight 

►e  truly  at  right  angles.  To  ascertain  if  they  arc  so,  let  the  bar 
iB  be  turned  until  its  sights  mark  some  distinct  object ;  then 
0ok  through  the  other  sights,  and  place  a  staff  on  the  line  which 
hey  indicate;  let  the  cross  be  then  turned  until  t>-  ' -' ts 
if  the  bar  A  R  come  to  this  last  line  ;   if  the  otb 
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directed  to  the  first  object,   the   lines  of  sight  are  exactly  at 
right  angles. 

The  eights  being  at  right  angleg,  if  one  af  them  be  tamed 
in  the  direction  of  a  given  line,  the  other  will  mark  the  direc- 
tion of  a  line  i>erpendiciilar  to  it,  at  tlie  point  where  the  iDStra- 
ment  is  placed. 

77.  From  a  given  poiat  without  a  straight  line,  to  let  fall  a 
perpendicular  on  the  line. —Let  C  be  the  given  point,  and  AB 
the  given  line  (Fig.  30). 

From  C,  measure  a  line,  as  CA^ 
to  luiy  point  of  the  line  AB,  From 
J,  measure  on  ^i?  any  distance  as 
AF,  and  at  F  erect  FE  perpcndicn- 
hir  to  AH, 

Having  stationed  a  person  at  A^  measure  along  ihe  perpen- 
dicular FE  until  the  forward  staff  is  aligned  on  the  line  ACi 
then  measure  the  distance  ^1^,     From  similar  triangles, 

AE'.  AF  ::  ACiAD-, 

in  which  all  the  terms  are  known  except  AD,  which  may,  there- 
fore, be  found.  The  distance  AD  being  laid  off  from  A,  the 
point  I>,  at  which  the  [>erpendicnlar  CD  meets  AB^  becomeB 
known.  If  the  length  of  tlie  periiendicular  is  desired,  it  may  be 
found  from  the  proportion, 


F  D 
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* 


AEi  EF  ::   AC  :  CD, 

m  which  nil  the  terms  are  known  except  CD, 

It  is  always  best  to  make  AF  nearly  equal  to  AD  when 
practicable;  for  then  AE  will  he  nearly  equal  to  AC,  and  the 
multiplication    of  errors  will    be    avoided;    in    the  expression 

A  C  A  V 

AD  —  j-«X  AF,  jvt  will  be  but  little  greater  than  L 
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78.  To  trace  on  the  ground  a  straight  line  that  shall  pati 
through  a  given  point  and  he  parallel  to  a  given  straight  line. 

Let  ABhe  the  given 
line  and  P  the  given 
'point.  From  P  meas- 
ure any  oblique  line  to 
ABy  ixa  PQ,  and  mark 
its  middle  point,  which  ^*®'  ^* 

call  VI  in  the  figure.  From  any  point  of  AB,  as  R,  run  a  line 
through  m,  and  prolong  it  till  mS  =  Rm ;  then  PS  will  be  the 
parallel  required. 

79.  To  determine  the  horizontal  distance  from  a  given  point 
to  an  inaccessible  object 

Let  -4  be  an  inaccessible  object, 
and  E  the  point  from  which  the  dis- 
tance  is  to  be  measured. 

First  Method.— At  the  point  E, 
lay  off  EB  perpendicukr  to  the  line 
EAy  and  measure  along  it  any  con- 
venient distance,  as  EB.  ^^         Pio  as. 

At  B  lay  off  the  right  angle  EBDy  and  measure  any  distance 
in  the  direction  BD,  Let  a  person  at  D  align  a  staff  on  DA, 
while  a  second  person  at  B  aligns  it  on  BE :  the  staff  will  thus 
be  fixed  at  £7.    Then  measure  the  distance  BC. 

The  two  triangles  BCD  and  £7.1^  being  similar,  we  have, 

BC:  BD  ::   CE  i  EA, 

in  which  all  the  terms  are  known,  except  the  fourth,  which  is, 
therefore,  found. 

If  BC  can  be  made  equal  to  CE,  then  the  measured  distance 
BD  is  the  distance  required.     The  triangle  BDC  should  be  as 


nearly  equal  to  ACE  as  practicable,  and  the  angle  BCD  shoal^ 
not  exceed  45**. 

Sbcokd   Method*— Let   B  be  the  given  point,  and   A   the 
inaccessible  object ;  it  is  required  to  find  BA. 

Measure  any  horizontal  base-line, 
BB  B€l  Then,  having  plotted  staves 
at  B  and  C,  measure  any  conve- 
nient distances  BD  and  CE^  such 
that  the  points  i>,  B^  and  ^4,  shall 
be  in  the  same  right  line,  as  also, 
the  points  E,  C>  and  A  ;  then  meas- 
ure the  diagonal  Hues  Z?(7and  EB. 

Now,  in   the  triangle  BEC,  tbu  Fio.  sb. 

three  sides  are  known,  thei-efore,  the  angle  ECB  can  be  fonnd* 
In  the  triangle  CDB^  the  three  sides  are  also  known,  thei*efore, 
tlie  angle  CB!)  can  be  determined*  Tliese  angles  being  respec- 
tively subtracted  from  180",  the  two  angles  ACB  and  ABC 
become  known ;  and  hence,  in  the  triangle  A  BC,  we  have  two 
angles  and  the  included  side,  to  find  the  side  BA, 

The  lines  BD  and  CE  ghould  each  eqoal  BC.  if  possible,  to 
facilitate  computation,  and  the  angle  at  A  should  not  be  less 
than  40'-\ 

Third  Methoix— Let  AC  be  the 

distance  requirech  l^iiy  off  the  right 
angle  CAB,  and  measure  AB,  any 
eonvenieot  distanee.  At  B  lay  off  the 
right  angle  CBD,  and  tix  the  point  D, 
carefully,  in  line  with  .1 C  Measure 
AD.     Then, 

AD:  AB  ::  AB  :  AC,.^.AC^^^ 
(Legendre,  Bk.  IV,  Prop.  23). 

Note, — When  sueh  problems  occur  ria.  40. 
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in  practice,  the  distance  AC  \8  usually  a  portion  of  a  longer  line, 
60  that  the  line  CAD  is  well  marked  by  stakes  or  pins,  before  AB 
is  measured. 

80.  To  prolong  a  line  beyoj^d  an  obftaole. — If  the  obstacle 
can  be  seen  over,  the  surveyor  should  send  an  assistant, 
with  a  flag-pole  or  ranging-rod,  to  the  further  side  of  it,  to 
a  point  approximately  in  line.  At  this  point  the  assistant 
should  hold  the  rod  vertical  and  exposed  to  the  surveyor,  at  one 
end  of  the  line,  who  directs  him  to  "right"  or  "left"  till  the 
ranging-rod  covers  or  coincides  with  the  flag-pole  at  the  further 
end  of  the  line,  when  it  is  inserted  in  the  ground  and  marks  a 
point  in  the  desired  line.  Other  points  may  be  determined  in 
like  manner.  This  is  called  "ranging,"  or  "ranging  out"  the 
line. 

When  the  obstacle  cannot  be  seen  over,  the  continuation  may 
be  effected  as  follows  : 

First  Method. — Let  OA 
be  the  line  to  be  prolonged. 
Lay  off  OAB  =  120°,  or 
CAB  =  60".  Measure  AB, 
of  such  length  as  to  permit 
BC  to  be  measured  without 
meeting  the  obstruction. 
Make  ABC  =  60%  and 
measure  BCy  equal  to  AB. 
If  A  be  not  in  sight  from  C, 

make  the  angle  BCP  equal  to  120°,  and  resume  the  survey  of 
the  line.    AC\s  equal  to  AB  or  BC 

Note. — This  method  may  be  employed  in  the  absence  of  any 
angular  instruments,  by  constructing  an  equilateral  triangle  with 
the  chain.    Measure  half  a  chain  from  A  towards  C;  then  fasten 
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the  ends  of  the  chain  at  .1  and  the  point  so  determined,  and  pull 
out  the  middle,  thu3  forming  an  equilateral  tnaugle.  II  tliere  is 
not  room  to  measure  towards  C',  measure  back  towards  C,  and 
construct  the  angle  on  the  side  of  .1 0  away  from  B,  The  crroR 
are  cumulative  in  this  met!iod,«but  it  is  rapid,  and  will  do  for 
work  not  requiring  great  accuracy, 

Second  Method.  — 

Take  two  points,    A       ^ -^"'  "^  ^  ^ 

and  B,  at  convenient 
diatuiice  uparr,  one  or 
tw^o  chains,  and  draw 
two  olTsets,   AE  and 

BFf  at  right  angles  to  the  direction  of  the  line  imd  of  sufficient 
length  to  clear  the  obstacle;  draw  £"/"  through  tlie  extremities  of 
the  rectangular  oJisets  and  prolong  it  beyond  the  obstacle ;  tbis 
last  line  will  be  parallel  to  tho  original  line  of  direction ;  ni  6 
and  H  draw  the  lines  at  right  angles  to  iW,  and  make  them 
equal  in  length  to  AE  and  BF;  draw  CD,  it  will  be  the  pro- 
longation required.  FG  is  equal  in  length  to  BC^  provided  tho 
peqiendiculars  BF  and  GC  arc  accurately  laid  ouu  This  is  a 
good  method  to  use  in  passing  trees  or  small  obstacles,  provided 
tlic  distance  lictween  perpendiculars  AE  and  BF,  also  CG  am! 
DHj,  i^  one  chain  or  more.  The  perpendiculars  arc  often  laiduff 
by  ffuesSf  which  method  will  give  a  very  fair  prolongation,  but 
the  distance  BC  tfius  obtained  will  not  be  accurate. 


Fio.  43. 


[•       Third  Method. — From  any  pf>iut  J,  measure  AB\  through 
its  middle  point  x,  rnn  C*Z),  making  Dx  =  Ox ;  then  DB  will  l»o 
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parallel  to  AC.    From  D  mn  a  line,  DE,  through  any  point  of 
the  line  AB^  as  i/,  making  yE  of  such  length  that, 

By  :  Dy  : :   Ay  :  Ey. 

Then  through  z,  the  middle  point  of  DE,  run  BH,  making 
zH  =  Bz,    HE  will  bo  the  prolongation  of  A  C. 
To  find  CH  we  have. 

By  :  BD  ::  Ay  :  AE, 

from  which  AE  is  known  ; 

AE-{AC+  HE)  =  CH. 

81.  To  find  the  altitude  of  an  object,  when  the  distance  to 
the  vertical  line  passing  through  the  top  of  it  is  known. — Let 
CD  be  the  altitude  required,  and  AC  the  known  distance. 

From  A,  measure  on 
the  line  AC,  any  conveni- 
ent distance  AB,  and  place 


a    staff    vertically    at    B.  Ek..  ""  .  f    /^  ^ 

Then  placing  the  eye  at  J,       ^  ..■.•••••'"|..:>i.^  -^^-^ 

sight  to  the  object  Z>,  and 

let  the  point,  at  which  the 

line  AD  cuts  the  staff  BE,  be  marked.     Measure  the  distance 

BE  on  the  staff ;  then, 

AB  :  BE  ::   AC:  CD, 
whence  CD  becomes  known. 

If  the  line  ^(7  cannot  be  measured,  on  account  of  intervening 
objects,  it  may  bo  determined  by  calculation,  as  in  the  precedirig 
article,  and  then,  having  found  the  horiaontal  distance,  the 
vertical  line  is  readily  determined,  as  before. 

82.  Standard.— As  the  chain  varies  in  length  from  changes 
of  temperature  and  from  uec,  it  should  be  daily  compared  with 
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ft  ftUr^'lani  kfrpe  ff.r  zh^  pcrp-^i^ic.  A  •ciimviBEirai  EUDdard  for 
nuf:U  f:otitffhr.^jn  maj  Fj-e  DUH'i'e  5>t  ^Tog  daiiio  a  Itrtl  ud  even 
\turi:*z  hf  iiTh^iiA  t»o  •uik->,  =a«''r»i  m*  -cTrtu  -riii  lie  ssrface  of 
nlMr  i(rhiiutif  dt-urnt  from  c-^ch  oih-er  oie  c^UiiB.  or  C>0  feet, 
ft/r/riirtttirly  tuf:ii.rurt:4,  with  nails  driTen  iciK-  ihr  beftJ«  of  the 
j(Uk''K  to  frrirk  the*  oxa^.t  longxh  of  the  siandiiTd.  Marks  nuide 
u\ntu  III"  i'h\nu'4  *ff  a  wall,  or  a  carl>-5tooe.  will  answer  the  same 

If  it  I*:  round  that  any  line  ha*  been  measured  with  either  too 
Ion;/  or  tMO  r.liort  a  cliuin,  the  tme  distance  may  be  foond  by  the 
|iro|»orlion  ; 

'V\ui  U'tv/ih  of  the  standard 
:    lli(!  |ifi;.rtli  of  the  incorrect  chain  used 
;:  iIh*  measured  dintance 
;   thf  true  diKtance. 

Kor  un-un  the  projK>rtion  would  be  : 

The  Mf|UMre  of  the  length  of  the  standard 
:    the  Hf|uaro  of  the  length  of  the  chain  used 
'. ',  Ihr  area  found 
;    till*  true  urea. 


SECTION     II. 

Al((  A    OR    CONTENTS    OF    GROUND. 

83.  TIm'  purfiiee  (»r  ground  being,  in  general,  broken  and 
iin«'ven,  it  iM  inipoHHihle,  without  great  trouble  and  expense, 
to  iweertuiu  iiM  exaet.  area  or  contents  To  avoid  thia  incon- 
venienee,  it  Iimm  Immmi  agreed  to  refer  every  snrfacc  to  a  hori- 
zontal plane;   that  is.  to  regard  all  its  bounding  linesas hori- 


zontal,   and    its    area    as    measured    by    that    portion  of    the 
horizoutal  piano  which  the  boundary  lines  enclose. 
For  example,  if  A  BCD  were  a  ^^  ^  « 

piece  of  ground,  having  an  uneven  f 

Burface,  the  whole  won  hi  be  referred  * 

to  a  horizontal  plane,  and  that  part  f 

of  the  plane  whicli  is  included  be- 
tween the  bounding  horizontal  lines         j^L  n 
AB,  Ba  CD,  DA,  he  taken  for  the 

Flo,  43. 

measure  of  the  area. 

In  estimating  land  in  this  manner,  the  anm  of  the  areas  of 
all  the  partd,  into  which  a  tract  may  be  divided,  is  equal  to  the 
area,  estimating  it  as  an  entire  piece;  but  this  would  not  be 
the  ease  if  the  areas  of  the  parts  bad  reference  to  the  adital 
mr/ace,  and  the  urea  of  the  whole  were  calculated  from  its 
bounding  lines. 

84,  The  unit  of  measure  of  any  quantity  is  a  quantity  of 
the  same  kind,  regarded  as  a  standard.  For  lines,  the  unit  is  a 
right  line  of  a  known  length,  as  1  foot,  1  link,  1  chain,  or  any 
other  fixed  distance.  In  nieasuring  land*  the  length  of  Gunter's 
chain  is  generally  taken  as  the  unit  of  linear  measure, 

8&.  The  onit  of  meiisure  for  surfaces  is  a  square  described 
on  the  unit  of  linear  measure. 

When,  tbei-efore.  the  linear  measures  are  feet,  yards,  rods,  or 
chains,  the  superficial  measures^  are  square  feet,  square  yards, 
/5rpiam  rods,  or  square  chains ;  and  the  numerical  cx[>ression  for 
the  area,  is  the  number  of  times  which  the  unit  of  superticial 
measure  is  contained  in  the  land  measured. 

An  Acre,  whiclj  is  the  common  unit  of  measure  for  land,  is 

Erfaco  equal  in  extent  to  10  square  chains  ;  that  is,  equal  to  a 
ingle  of  which  one  side  is  ten  chains  and  the  other  side  on© 
n. 


so 
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A  Rood,  is  one  quarter  of  an  acre. 

Since  tlie  chain  ia  four  rods  in  lengthy  1  sqoare  ch»m  coa- 
taina  16  square  rods;  at^d  therefore,  an  acre,  which  is  10  square 
chains,  contains  IGO  square  rods,  and  a  rood  contains  40  square 
rods.    A  square  rod  is  called  o, perch. 

86»  Land  is  genemlly  computed  in  acres,  roods,  and  percheSi 
which  are  respectively  designated  by  the  letters  A.  IL  P, 

When  the  linear  dimensions  of  a  survey  are  chains  or  link«, 
the  area  will  be  expressed  in  square  chains  or  square  links,  and  it 
is  necessary  to  form  a  rule  for  reducing  such  area  to  acre?,  roods, 
and  perches.    The  reduction  may  be  made  by  the  following 


TABLE. 


I 


Mile*. 

Acre«. 

BoodB. 

Sq.  Ohftllie. 

Pt'rches.       \         Sq.  LinkA 

1 

1 

640 
1 

4 
1 

6400.0 

10.0 

LO 

102,400 

IGO 

40 

10 

1 

64,000,000    1 
100,000 
25,000 
10,000 

1  square  mile  =  6400  square  chains  =  G40  acres. 

When  the  linear  dimensions  are  links,  the  area  irill  be  ex- 
pressed in  square  links,  and  may  be  re<luced  to  acres  by  dividing 
by  100,000,  the  number  of  square  links  in  an  acre ;  that  is,  by 
pointing  off  five  decimal  places  from  the  right  hand. 

If  Hie  decimal  part  be  then  multiplied  by  4,  and  tive  places  of 
decimals  pointed  off,  in  the  product,  imm  the  right  hand,  the 
figures  to  the  left  will  express  the  roods. 

If  the  decimal  part  of  this  result  be  now  multiplied  by 
and  five  ]dace3  for  decimals  pointed  off,  as  before,  the  figures 
the  left  will  express  the  perches. 

If  one  of  the  dimeneions  be  in  links,  and  the  other  in  chains, 


the 
;to   I 


d 


SEC.  IL]  area    OB    CONTENTS    OF    GROUND.  61 

the  chains  may  be  reduced  to  links  by  annexing  two  ciphers  ;  or, 
the  multiplication  may  be  made  without  annexing  the  ciphers, 
and  the  product  reduced  to  acres  and  decimals  of  an  acre,  by 
pointing  off  three  decimal  places  from  the  right  hand. 

When  both  the  dimensions  are  in  chains,  the  product  is 
reduced  to  acres  by  dividing  by  10,  or  pointing  off  one  decimal 
place. 

From  which  it  is  evident  that, 

1st.  If  links  be  muUiplied  by  links,  the  product  is  reduced  to 
acres  by  pointing  off  five  decimal  places  from  (he  right  hand. 

2d.  If  chains  be  multiplied  by  links,  the  product  is  reduced  to 
acres  by  pointing  off  three  decimal  places  from  (he  right  hand. 

3d.  If  chains  be  multiplied  by  chains,  the  product  is  reduced 
to  acres  by  pointing  off  one  decimal  place  from  (he  right  hand. 

87.  Since  there  are  16.5  feet  in  a  rod,  a  square  rod  is  equal 
to 

16.5  X  16.5  =  272.25  square  feet. 

If  the  last  number  be  multiplied  by  160,  there  will  result 

272.25  X 160  =  43560  =  the  square  feet  in  an  acre. 

Since  there  are  9  square  feet  in  a  square  yard,  the  last  number 
divided  by  9,  will  give 

4840  =  the  number  of  square  yards  in  an  acre. 

^BS.    To  find  the  area  of  a  piece  of  ground  in  the  form  of  a 
square,  rectangle,  or  parallelogram. 

BvLE. — Multiply  the  base  hy  the  altitude,  and  the 
product  wiU  express  the  area  (Geom.,  Bk.  IV.,  Prop.  IV.). 
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Example. — To  find  the  area  of  the  rec- 
tangular field  ABCD, 

Measure  the  two  sides  AB^  EC;  suppose 
that  AB  =  14  chains  27  links,  and  BC=d 
chains  75  links.    Then, 


Fig.  4& 


AB 

= 

1427 

links, 

BC 

= 

975 

links, 

AB 

xBC 



1391325 
13.91325 

square  links, 
acres. 

4 
3.65300  roods. 

40 
26.12000 

perches. 
Am,    13  A. 

3R. 

26  P. 

89.    To  find  the  contents  of  a  piece  of  land  in  the  form  of  a 

triangle. 

FIRST    METHOD. 

Rule. — Measure  cither  side  of  the 
triangle  as  BC,  and  from  the  opposite 
angle  A,  let  fall  a  perpendicular  AD, 
and  measure  this  perpendicular  ; 
then,  multiply  the  base  and  perpen- 
dicular  together,  and  divide  the 
product  by  2 ;  the  result  uill  e^vpress  the  area  of  the 
triangle  (Geom.,  Bk.  IV.,  Prop.  VI.). 


Fig.  47. 


EXAM  PLES. 

1.  What  are  the  contents  of  a  triangle  whose  base  is  25  ch. 
1 1.,  and  perpendicular  18  eh.  14  1.  ?      Ans.  22  A.  2  R.  29  P. 
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2.  What  are  the  contents  of  a  triangle  whose  base  is  15.48 
chains,  and  altitude  9.67  chains?  Ans.  T  A.  1  R.  38  P. 

BBCOND    METHOD. 

Rule. — Measure  the  three  sides  of  the  triangle.  Then, 
add  them  together  and  take  half  tlieir  sum.  From  this 
half  sum  subtract  each  side  separately.  Then,  multiply 
the  half  sum  and  tite  three  remainders  together,  and 
eMract  the  square  root  of  the  product ;  the  result  will  he 
the  area  (Geom.  Mens.,  Art.  97). 

Or,  after  having  obtained  the  three  remainders,  add 
together  the  logarithm  of  the  half  sum  and  the  logarithm's 
of  the  respective  remainders,  and  divide  their  sum  by  2 ; 
the  quotient  will  he  the  logarithm  of  the  area. 

EXAMPLES. 

1.  Find  the  area  of  a  triangular  piece  of  ground  whose  sides 
are  20,  30,  and  40  chains. 

B7    FIRST    RULE. 

20         45         45         45 
30        -20       -30       -40 
40         25  1st  rem.   15  2d  rem.   ^  3d  rem. 
2)90 

45  =  half  sum. 

Then,  45  x  25  x  15  x  5  =  84375 ; 

and  V84375  =  290.4737  =  the  area. 

Ans.     29  A.0R.8  P. 

2.  What  is  the  area  of  a  triangle  whose  sides  are  2569,  4900, 
and  5035  links? 
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\ 

2569 

6252        6252 

6252 

4900 

—2569       —4900 

-5035 

5035 

3683  l8t  rem.  1352  2d 

rem. 

1217  3d  rem. 

2  )  12504 

6252  =  half  sum. 

Then,  log  6252 3.796019 

log  3683 3.566202 

log  1352 3.130977 

log  1217 3.085291 

2)13.578489 
Area  in  square  links,  6155225   .     .     .     6.789244 

Ans,     61  A.  2  E.  8  P. 

90.  To  find  the   area  of  a  piece  of  land  in  the  form  of  a 

trapezoid. 

Rule. — Measure  the  two  parallel  sides,  and  also  the  per- 
pendicular distance  between  them.  Add  the  two  parallel 
sides  together,  and  take  half  the  sum  ;  then  m^ultiply  the 
half  sum  by  the  perpendicular,  and  the  product  will  he  the 
area  (Qeom.,  Bk.  IV.,  Prop.  VII.). 

EXAM  PLES. 


1.  What  is  the  area  of  a  trapezoid,  of 
whieh  the  parallel  sides  arc  30  and  49  chains, 
and  the  perpendicular  distance  between  them 
IB  ch.  60  1.,  or  16.60  chains  ?  Fig.  48. 
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30  +  49  =  79 ;  dividing  by  2,  gives    ...     39.5 

.      Multiply  by 16.60 

Area  in  square  chains 655.700 

Ans.    65  A.  2  R  11  P. 

2.  Required  the  contents^  when  the  parallel  sides  are  20  and 
32  ch.,  and  the  perpendicular  distance  between  them  26  ch. 

A718.    67  A.  2  7?.  16  P. 


91.  To  find  the  area  of  a  piece  of  land  in  the    form  of  a 

quadrilateral. 

Rule. — Measure  the  four  sides  of  the  quadrilateral, 
and  also  one  of  the  diagonals ;  the  quadrilateral  will  thus 
be  divided  into  two  triangles,  in  both  of  which  all  the  sides 
will  be  known.  Then,  find  the  areas  of  the  triangles 
separately,  and  their  sum  will  be  the  area  of  the  quad- 
rilateraZ. 

Example. — Suppose  that  the  sides 
and  diagonal  ACy  of  the  quadrilateral 
A  BCD  have  been  found, 

AB  =  40.05  ch.,     CD  =  29.87  ch., 

BC  =  26.27  ch.,    AD  =  37.07  ch., 
and  AC  =  65  ch.; 

required  the  area  of  the  quadrilateral. 

Ans.     101  A.  1  R.  15  P. 

Note. — ^Instead  of  measuring  the  four  sides  of  the  quadri- 
lateral, the  perpendiculars  Biy  Dg,  may  be  let  fall  on  the 
diagonal  AC.  The  area  of  the  triangle  may  then  be  determined 
by  measuring  these  perpendiculars  and  the  diagonal  AC.  The 
perpendiculars  are  Dg  =  18.95  ch.,  and  Bb  =  17.92  ch. 


92.    To  fnd   tlie  contents  of  a  field   having   any   number  of 

sides. 

Rule, — Measure  the  sides  of  the  field  and  aim  ih* 
dfagotiah:  the  three  sides  of  each  of  the  triangles  into 
tvhich  the  field  irill  he  thtis  divided  will  then  be  knoivn, 
and  the  areas  of  the  triangles  may  then  be  caJ ciliated  bif 
the  preceding  rules.  Or,  measure  the  diagonals,  and  from 
the  angula r  points  of  the  field  draw  fferpendiculars  to  the 
diagonals  and  measare  their  leugths  ;  the  base  and  per- 
pendi^^ular  of  eaeh  of  the  triangles  will  then  be  knmcn. 

Example. — ^Let  it  be  rcq aired  to  determine  the  contents 
of  the  fiekt  ABODE,  having  five  sides. 

Suppose  that  the  diiigoiiuls  and  per- 
peiKliculai^  have  been  fuund, 

A  a  -  36.21  ek,     EC  =  39. 11  ch.,         ^^ 
Bb  =^    4.C8  eh„     Dd  =    7.26  ch., 

A  a  =  4.10  ek;  Pi«.  sot 

required  the  area  of  the  field. 

Area  of  triangie  ABO  =    73.8684  gqiiare  chains, 
Area  of       **        (7i?ir' =  141.9693      « 
Area  of      *^        J  CE  ==    81,7399      « 
Area  of       ^'  ABODE  =  207.5776      •* 

Ans,  %9  A.  3  i?.  1  FJ\ 


93,    To  determine    the   area,  when  the  diagonals  and  per- 

pendicnlars  cannot  he  measured;   as  in  the   case  of  swamp  or 
submerged  meadow. 

^VhfL— Measure  the  boHnding  lines  of  the  area,  and 
tfircn  determine  tfie  dingonals  by  outside  tiedinea* 
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Thus,  let  ABODE  repre- 
sent the  polygon  including 
the  area,  and  suppose  its 
sides  to  be  measured.  Pro- 
long BA  to  Xj  making  Ax 
any  exact  part  of  AB — say 
one  third — and  also  prolong 
EA  to  y.  Ay  being  one 
third  of  AE;  then,  because 

of  similar  triangles,  the  measured  length  of  xy  will  be  one  third 
of  BE.  In  like  manner  CE  may  be  determined.  Haying  the 
perimeter  and  the  diagonals  proceed  as  in  Art.  92. 


94.   To  find  the  contents  when  the  boundary  is  an  irref^olar 

line. 

It  frequently  happens  that 
a  plot  to  be  surveyed  is 
bounded  partly  by  an  irregu- 
lar line.  In  such  a  case, 
one  or  more  straight  lines 
are  surveyed,  and  offsets 
measured  from  these  lines, 
as  often  as  may  be  required 
to  afford  data  for  the  compu- 
tation of  the  area  and  a  true 

delineaticm  of  the  boundary.  In  the  case  represented  in  the 
figure,  the  stream  from  ^  to  £7  is  the  boundary.  The  station 
B  is  selected  for  convenience,  as  it  is  evident,  if  the  line  were 
run  direct  from  A  to  C,  the  labor  of  taking  the  offsets  would  be 
much  greater. 

It  will  be  observed  that  the  offsets  are  so  measured  as  to 
indicate  the  abrupt  bends  in  the  boundary;  and  IvxttVveTmot^,  «^o 


Fig.  6S. 
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that  the  areas  thus  cut  off  may  be  considered  as  being  bounded 
by  straight  lines,  without  sensible  error. 

When  the  boundary  is  a 
crooked  stream  that  is  easily 
crossed,  it  is  oflen  convenient 
to  survey  a  line  across  the 
bend,  as  in  the  figure,  and 
locate  by  offsets  upon  both 
sides  of  the  line.  In  any 
case,  the  small  areas  to  be 
computed  are  only  trapezoids 
and  triangles. 


Fig.  6a. 


95.   To  find  the  area  of  a  piece  of  ground  in  the  form  of  t 

circle. 


Rule. — Measure  the  radius  AC; 
then  multiply  the  square  of  the  radius 
by  3.I4I6  (Mens.,  Art.  105). 


Fie.  64. 


To  find  the  area  of  a  circular  piece  of  land,  of  which  the 
diameter  is  25  ch.  Am.  49  A.  0  B.  14  P. 


96.   To  find  the  contents  of  a  piece  of  ground  in  the  fbrm  of 

an  ellipse. 

C 
BuLE. — Measure  the  semi-axes  AE, 
CE.    Then  multiply  them  together,  and     ^\^ 
their  product  by  3.1416. 
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.    To  find  the  area  of  an  elliptical  piece  of  ground,  of  which 
the  transverse  axis  is  16.08  ch.,  and  the  conjugate  axis  9.72  ch. 

Ans.  12  A.  IB.  4:  P. 

Note  1. — The  following  is  the  manner  of  tracing  an  ellipse 
on  the  ground,  when  the  two  axes  are  known. 

From  Cy  one  of  the  extremities  of  the  conjugate  axis  as  a 
centre,  and  AB,  half  the  transverse  axis,  as  a  radius,  describe 
the  arc  of  a  circle  cutting  AE  in  the  two  points  F  and  G ; 
these  poins  are  called  the  foci  of  the  ellipse. 

Then,  take  a  tape,  the  length  of  which  is  equal  to  AB, 
and  fasten  the  two  ends,  one  at  the  focus  F,  the  other  at  the 
focus  G'.  Place  a  pin  against  the  tape  and  move  it  around, 
keeping  the  tape  tightly  stretched :  the  extremity  of  the  pin 
will  trace  the  curve  of  the  ellipse. 

Note  2. — In  determining  the  contents  of  ground,  in  the 
examples  which  have  been  given,  the  linear  dimensions  have 
been  taken  in  chains  and  decimals  of  a  chain. 

If  the  linear  dimensions  were  taken  in  terms  of  any  other 
unit,  they  may  be  readily  reduced  to  chains.  For,  a  chain  is 
equal  to  4  rods,  equal  to  22  yards,  equal  to  66  feet.     Hence, 

Ist.  Rods  may  be  reduced  to  chains  and  the  decimal  of  a 
chain,  by  dividing  by  4. 

2d.  Yards  may  be  reduced  to  chains  and  the  decimal  of  a 
chain,  by  dividing  by  22. 

3d.  Feet  may  be  reduced  to  chains  and  the  decimal  of  a 
chain,  by  dividing  by  66. 

.  Note  3. — If  it  is  thought  best  to  calculate  the  area,  with- 
out reducing  the  linear  dimensions  to  chains,  the  result  can 
be  reduced  to  acres; 
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1st.  By  dividing  it  by  160,  when  it  is  in  square  rods 
(Art.  85). 

2d.  liy  dividing  it  by  JfSJfi^  when  it  is  in  square  yards 
(Art.  87). 

3d.  By  dividing  it  by  43560,  when  it  is  in  square  feet 
(Art.  87.) 


BOOK   III. 

COMPASS    SURVEYING. 


SECTION     I. 

DEFINITIONS. 

97.  The  Axis  of  the  earth  is  the  immovable  diameter  about 
which  it  revolves;  and  the  poles  are  the  points  in  which  th^ 
axis  meets  the  surface. 

98.  Any  plane  passing  through  the  axis  of  the  earth  is  called 
a  meridian  plane ;  and  ita  intersection  with  the  surface  is  called 
a  meridian  line,  or  simply  a  meridian, 

99.  All  the  meridians  converge  towards  the  poles,  but  they 
vary  so  little  from  parallelism,  within  the  narrow  limits  of 
surveys  made  with  the  compass,  that  they  may,  without  sensible 
error,  be  regarded  as  parallel  straight  lines. 

100.  If  a  magnetic  needle  be  suspended  freely,  and  allowed 
to  settle  to  a  state  of  rest,  a  vertical  plane  passed  through  its 
axis  is  called  the  plane  of  the  magnetic  meridian  ;  and  its  inter- 
section with  the  surface  of  the  earth  is  called  the  magnetic 
meridiany  or  sometimes,  a  North  aud  South  line.  A  line  per- 
pendicular to  a  North  aud  South  line,  is  called  an  East  and 
West  line. 

101.  A  line  traced,  or  measured  on  the  ground,  is  called  a 
Course;  and  the  angle  which  this  line  makes  with  the  magnetic 
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mcridiaii,  passing  through  the  point  of  beginning,  is  called  Hbe 
Bearing. 

Thus,  if  we  start  from  the  point 
A,  and  measure  in  the  direction  AB, 
the  line  AB  is  the  course,  and  the 
angle  NA  B  is  the  hearing. 

When  the  course,  like  AB,  falls 
between  the  north  and  east  puiuts, 
and  makes  au  angle  of  46"^  with  the 
meridian,  the  bearing  is  read,  north 
46**  east,  and  is  written,  N.  46*"  K 

Wlien  the  courae,  like  AC^  falls  between  the  north  and  wert 
points,  and  makes  with  the  meridian  an  angle  of  30°,  the  bearing 
is  read,  north  SC"  ^^'tiii^  and  is  written,  N.  30''  \V- 

When  the  course,  hke  AD^  falls  between  the  south  and  west 
points,  and  makes  an  angle  with  the  meridian  of  70^  the  bearing 
is  read,  south  70**  west,  and  is  written,  S,  70''  W. 

When  the  course,  like  AF,  falls  between  the  south  and 
points,  and  makes  with  the  meridian  an  angle  of  70'',  the  hft 
is  read,  south  70^*  east,  and  is  written,  S.  70°  E. 

A  course  which  runs  due  north,  or  due  south,  is  designat)ed 
by  the  letter  N,  or  S  ;  and  one  which  runs  due  east,  or  due  west, 
by  the  letter  E,  or  \\\ 

102.  If,  after  having  passed  over  a  course,  the  bearing  is 
taken  to  the  hack  station,  this  hearing  is  called  the  back  sight,  or 
reverse  hearing. 

103.  The  perpendicular  distance  hetw^een  the  east  and  west 
lin©8,  drawn  through  the  extremities  of  a  course  is  called  the 
iwrihing  or  southing^  according  as  the  course  is  run  tow^ards  the 
north  or  south.  This  distance  is  also  called  the  difference  of 
laltfude^  or  simply  the  latitude,  liecause  it  shows  the  distance 
which  one  end  of  the  course  is  north  or  south  of  the  other. 


^fj^d^ 
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Thus,   in   running  the  course  from  A  -j^ 


to  By   AG    is  tlie  difference    of   latitude,  c 

north. 


G 


w- 


— 4-E 


PiO.  57. 


104.  The  perpendicular  distance  between 
the  meridians  passing  througl)  the  extremi- 
ties of  a  course,  is  called  the  departure  of 
that  course,  and  is  east  or  west,  according 
as  the  course  lies  on  the  east  or  west  side  of  the  meridian  passing 
through  the  point  of  beginning. 

Thus,  in  running  the  course  AB,  CB  is  the  departure,  east. 

105.  It  is  found  convenient,  in  explaining  the  rules  for  sur- 
Teying  with  the  compass,  to  attribute  to  the  latitudes  and 
departures  the  algebraic  signs,  +  and  — . 

We  shall,  therefore,  consider  every  northing  as  affected  with 
the  sign  +,  and  every  southing  as  affected  with  the  sign  — . 
We  shall  also  consider  every  easting  as  affected  with  the  sign  -f, 
and  every  westing  as  affected  with  the  sign  — . 

106.  The  meridian  distance  of  a  point  is  its  perpendicular 
distance  from  any  assumed  meridian.  Thus,  if  the  distance  be 
estimated  from  the  meridian  NS,  BC  will  be  the  meridian  dis- 
tance of  the  point  B. 

107.  The  meridian  distance  of  a  line,  is  the  meridian  dis- 
tance of  its  middle  pointy  and  is  east  or  west,  according  as  this 
point  lies  on  the  east  or  west  side  of  the  assumed  meridian. 
Tbnsy  FO  drawn  through  the  middle  point  of  ABy  is  the 
meridian  distance  of  the  line  AB. 

The  sign  +  will  always  be  given  to  ^he  meridian  distance 
of  a  point  or  line,  when  it  lies  on  the  east  of  the  assumed 
meridian,  and  the  sign  — ,  when  it  lies  on  the  west. 


levels  placed  at  right  angles  to  each  other  ;  a  brass  head,  K^  to  fit 
the  compass  to  a  stand,  which  is  sometimes  a  tripod  and  some 
times  a  single  staff,  called  Jacob-staff,  pointed  with  iron  at  the 
lower  end  so  that  it  may  be  placed  firmly  in  the  gronnd. 

109.  The  compasB-box  DCE  is  circular,  and  generally  about 
BIZ  inches  in  diameter.  At  the  centre  is  a  small  pin,  on  which 
the  magnetic  needle  is^  fioised.  This  needle,  if  allowed  to  tnra 
freely  aronnd  the  point  of  sopport,  will  settle  to  a  state  of  rest; 
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the  djrecLion  which  it  then  indic^ites,  is  that  of  the  magneiic 
meridian. 

In  the  interior  of  the  coiDpa;?8-box,  there  is  a  graduated 
circle  divided  to  degrees,  and  half  degrees ;  the  degrees  are 
numbered  from  the  extremities  of  the  diameter  NS,  hotli  ways 
to  90". 

The  length  of  the  magnetic  needle  is  a  little  less  Xhan  the 
diameter  of  the  graduated  eircle,  so  that  the  needle  cau  move 
freely  aronnd  its  centre,  within  the  eirele,  and  its  positions  be 
noted  on  the  graduated  arc.  , 

110.  The  open  sights,  .1/'  and  BG^  are  placed  at  right 
angles  to  the  plate  AB^  aud  fastened  tn  it  firmly  l>y  sei-ews. 
The  sights  have  fine  slits  cut  tlirongli  nearly  then-  whole 
length,  interrupted  at  iotorvala  by  htrge  cn*cukr  apertures 
through  which  the  object  sighted  upon  is  niure  readily  found,  as 
shown  in  the  figure.  ^1 

111.  The  b-pirit-levcl  is  a  email  glass  tube,  slightly  curved 
toward  the  middle,  uearly  filled  with  ulcuhol  leaving  a  bubble  of 
air  in  the  tube,  and  closed  at  both  eml^.  When  the  level  U  iti  a 
truly  horizontal  position,  the  bubble  of  air  rests  in  the  middle  of 
the  tube;  when  the  level  is  not  horizontal,  the  bubble  seeks  the 
more  elevated  end.  When  the  two  levels  have  each  the  bubble 
at  the  middle,  eiich  is  truly  horizontal  and  their  plane  is  hori- 
zontal ;  thei-efore,  the  plane  of  the  graduated  circle  and  the 
magnetic  needle,  which  is  parallel  to  the  plane  of  the  levels,  i?, 
alsoy  horizontal. 

112.  The  brass-head,  by  which  the  compass  is  attached  to 
the  staff,  i5  furnished  with  a  l>all-and-socket  joint  to  give  a 
universal  motion  for  purpos^e  of  leveling.  Sometimes  a  tripod 
jm  nsed  as  a  support  instead  of  a  stafT,  in  which  case  a  plumb-bob 

ttached  immediately  nnder  the  centre  of  the  graduated  circle 
for  the  purpose  of  accurately  placing  the  inBtrnmeB^  qh^x  ^tcj 
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desired  point.  When  a  tripod  is  used,  a  tripod-head  with  level- 
ing  screws  (to  be  described  iinder  the  transit),  instead  of  a  ball- 
and-socket  joint,  is  ofton  used  for  leveling.  In  the  description 
which  follows,  a  ball-and-socket  joint  will  be  assumed. 

113.  To  find  the  bearing  of  any 
course  by  the  compass.  Lef,  PQ  be  the 
course  whose  hearing  is  desired.  Place 
the  compass  exactly  over  the  point  /*, 
by  inserting  the  staff  in  the  ground  at 
that  point,  or  by  the  idumlhlmb  if  a 
tripod  is  used.  It  is  usual  for  a  sur- 
veyor to  keep  the  south  end  of  the 
compass  towards  him  and  to  read  the 
bearings  from  the  north  end,  and  this 
position  of  tlie  cunjpasa  will  be  assumed 
in  description,  unless  otherwise  stated. 
Turn  the  sights  toward  the  staff  or  object  at  Q.  Bring  the 
bubbles  to  the  middle  of  the  spirit-levels  by  the  pressure  of  the 
band  on  ditlerent  parts  of  the  plate,  Louk  through  the  small  slit 
in  tlie  sight  next  the  person,  and  turn  the  compass  till  the  small 
slit  in  the  sight  opposite  bisects  the  object  at  Q,  being  careful  to 
keep  the  bubbles  at  the  middle  of  the  levels.  Let  the  needle 
come  to  rest  and  take  the  reading  indicated  by  the  north  end  of 
the  needle — it  will  be  the  angle  j^^PQ,  the  bearing.  When  the 
needle  is  at  rest,  it  lies  in  the  magnetic  meridian.  The  line  of 
sights  lies  in  the  direction  of  the  course  ;  when  this  line  lies  ea$i 
of  the  meridian,  the  bearing  ia  mM ;  when  it  lies  wesi  of  the 
meridian,  the  bearing  is  wesi.  When  the  l>efiring  is  ea^i,  the 
needle  lies  to  the  west  of  the  line  of  sights,  and  the  reverse; 
hence,  to  facilitate  the  rejiding  the  E  and  W^  letters  on  the  face 
oithe  compass  are  reversed  from  their  natural  position 

In  orcfJ  ^  prevent  a  merely  mechanical  reading,  the  cover  of 
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the  compass-box  should  be  unscrewed  and  a  circle  of  paper 
should  be  fitted  into  the  bottom  of  the  box  so  as  to  conceal  the 
letters;  the  student  will  then  learn  to  read  from  the  needle 
alone,  the  north  end  of  which  bears  a  distinguishing  mark  or 

ycolor.     It  is  only  by  such  practice  that  blundering  readings  can 

^  be  avoided. 


114.  To  find  by  the  compass  the  angle  subtended  at  any 
point  by  two  objects,   take  the  bearing  of  the  course  to  each 
object,  as  explained  in  the  last  article.     The  question  then  is  to 
find  the  angle  between  any  two  courses, 
when  their  beaiings  are  known,  which 
may  be  done  as  follows : 

Let  NS  be  a  meridian  passing 
through  A, 

Let  AB,  AC,  AH,  AD,  and  AF, 
be  five  courses  running  from  A.  We 
readily  deduce  the  following 
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^CisN26^  W 
^gisN65'*  W 


When  the  meridional  letters 
are  alike,  and  those  of  departure 
also  alike,  the  difference  of  the 
hearings  is  the  angle  between  the 
courses. 


^Ci8N26^ 

CAB  =  nr 


When  the  meridional  letters 
are  alike,  and  those  of  departure 
unlike,  the  sum  of  the  bearings  is 
the  angle  between  the  courses. 


AC  ism  26°  W 

AFiB  S  G6°E 
CAF=  ISO' 


40^  ^  140° 
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When  the  meridioDal  lettew 
arc  iiiiHke,  tind  those  of  departum 
alike,  ike  angh  between  ike  courui 
is  vqual  fo  180°,  minus  the  sum  of 
the  bearings. 

When  the  meridional  letters 
are  unlike,  and  those  of  departure 
^  also  imlike,  the  angle  between  ih$ 
courses  is  equal  h  180^°^  minus  th$ 
difference  of  the  hearings. 


Note, — ^The  above  principles  are  deduced,  nu(h?r  the  gnp» 
position  that  the  two  courses  are  both  run  from  tlie  same 
anguhir  point.  Hence,  if  it  be  reqnired  to  apply  these  rules  to 
two  eoursea  run  in  the  ordinary  way,  aa  we  go  around  the  field, 
the  Iwjaring  of  one  of  them  inuat  be  reversed  before  the  calen- 
ktion  for  the  angle  is  made. 


EXAMPLES. 

1.  The  bearings  of   two  courseia,  from  the  same  point* 
N  ;}7°  E,   and   8  85''  W;    what  is  the  angle  inehided  bctwe 
them  ?  Ans,     132^ 

2.  The  bearings  of  two  adjacent  courses,  in  going  round  » 
piece  of  lantl,  are  N  30^  W,  and  S  48""  W;  what  is  the  angle 
included  between  them?  Ans,     87^ 

3.  The  bearings  of  two  adjacent  courses,  in  going  round  a 
piece  of  land,  are  S  85^  W,  and  N  69°  W  ;  what  is  the  angle 
included  between  them?  Ans*     154°* 

4.  The  bearings  of  two  adjacent  courses,  in  going  round  a 
piece  of  land,  are  N  55^  30'  E,  and  S  Ca"*  20'  E;  what  is  the 
angle  included  between  them  ?  Atis.     124''  50'. 
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WORK    ON    THE     FIELD. 

0.  piece  of  ground  is  to  be  surveyed^  we  begin  at 

it  comer  of  the  field  and  go  entirely  around  the 

Qg  the  lengths  of  the  bounding  lines  with  the 

^king  their  bearings  with  the  compass.      It  is  not 

plher  the  ground  be  kept  on  the  right  hand  or  on 

all  the  rules  deduced  for  one  of  the  cases,  are 

licable  to  the  other.    To  preserve  uniformity,  how- 

[  language  of  the  rules,  we  shall  suppose  the  lan4  to  be 

oil  the  right  hand  of  the 

WD  be  a  piece  of  ground 
reyed,  A  the  point  where 
is  to  be  l>egun,  and  NS  a 

beet  of  paper,  rule  a  single 
I  inch  mde,  doion  the  middle 
hfl  hand  pag^  of  the  note  book, 
ie  example. 

(N.  45  E.) 

S.  45i  W. 
(N.  35i  W.) 

S.  36  R 
(S.  62  W.) 

N.  62  R 
(a  31t  R) 

N.  31i  W. 


A 

A 

10.00 

D 

A 

7.60 

C 

A 

9.80 

B 

A 

10.40 

A 

A 

Place  the  compass  at  A,  autl  take  the  bearing  to  B, 
which  IB  FAB;  suppose  this  angle  has  been  found  to  be  3U*. 
The  bearing  from  A  to  B  is  then  K.  31|''  W,  Enter  this  bearing 
in  the  tiekl  not<?^^  at  the  right  of  b  tut  ion  .1,  Then  measure  tlie 
distance  from  A  to  B,  which  we  will  suppose  to  be  10  eh.  40 L, 
and  insert  that  distance  in  the  column*  above  the  station  mark 

We  next  take  the  bearing  from  B  to  C,  N,  62°  E.,  and  tten 
measure  the  distance  BC  ^  ^J  ch.  20  1.,  both  of  which  we  msert 
iu  the  notes  as  above* 

At  station  C  w^e  take  the  bearing  to  A  S,  36°  K,  and  tkn 
measure  the  distance  CI)  =  7  ch.  60  1.,  and  place  them  in  the 
notes. 

At  D  we  take  the  tjearing  to  .-1,  JS.  45J°  W^  and  measiini 
the  distance  DA  =  10  ch.  We  shall  then  have  made  all  tlie 
measurements  on  the  field  w^hich  are  necessary  to  determine  the 
contents  of  the  ground. 

116.  The  reverse-bearing  or  back-sight,  from  ^  to  J,  is  the 
angle  ABIf ;  and  since  the  meridians  NS  and  HQ  are  parallel, 
this  angle  is  equal  to  the  bearing  J^AB,  The  reverse-bearing 
is,  therefore,  8,  31  i°  E,  and  nhoithl  he  entf^red  in  the  notes  m 
parenthesis  opposite  station  B,  as  in  the  example. 

The  reverse- bearing  from  <7,  is  S.  02"^  W. ;  that  is,  it  is  the 
angle  ICB  ^  GBC,    And  generally, 

A  ret^erse-bearifif/,  or  back-sight ^  shmtld  always  equnl  th^  fsr- 
wurd'henrinij^  and  differ  from  tl  only  in  both  of  the  letters  by 
which  it  IS  designated. 

117,  In  taking  the  bearings  with  the  compass,  there  are  two 
unices  of  error.     1st  The  inaccuracy  of  the  observations;  M. 

Local  attractions,  or  the  deraugement  which  the  needle  expe- 
riences when  brought  into  the  vicinity  of  iron-ore  beds,  or  any 
ferruginous  substances. 


etc.  uu\ 

To  guard  against  these  sources  of  error,  tlic  reverse-beanng 
shouM   be   taken  at  every   station ;    if   this  and    tbe  forward-  ' 
bearing  are  of  the  same  va  hie,  the  work  is  probably  right;   hot 
if  they  differ  considerably,  they  shouUl  both  be  taken  again. 

Electricity  is  a  fruitful  cause  of  annoyance  in  compiiss  work. 
In  cold,  dry  weather,  any  friction  upon  the  glass  cover  of  the 
needle-box,  even  that  of  a  coUl,  dry  wind,  oliargos  it  with  elec- 
tricity and  the  needle  no  longer  tni verse;*  freely.  To  disi^ipate 
the  charge  touch  the  p!ate  with  a  moistened  finger,  or  bi'catho 
strongly  upon  it.  If  the  surveyor  uses  a  pocket  lens  to  read  the 
needle,  he  must  see  to  it  that  no  iron  or  8teel  screws  are  used 
in  the  casing;  nickel-plated  mountings  are  not  admissible; 
hard  rubber  mountings  tire  very  troublesomej  as  they  often 
become  highly  chargi*d»  and  will  drag  the  needle  through  90**,  or 
even  180**.  Brass,  or  German  silver,  are  the  most  satisfitctory 
monn  tings. 

118.  In   pasaing  over  the  course 

ABt  the  northing  is  found  to  Ijo  JIB^ 

and   the  departure,  wliich   is  west,  is 

representeil  by  AH.     Of  the  course 

BC,  the  northing  is  expressed  by  BG, 

and  the  departure,  which  is  east,  by   \^ 

OC.     Of  the  course  CD,  the  soutbiug 

is  exprcBsed  by  C7,  and  the  departure, 

which  is  east,  by  CF.     Of  the  course 

DA^  the  southing  is  expressed  by  KA^ 

and  the  departure,  which  is  vfQ&U  by 

DK,     It  is  seen  from  the  figure,  that  the  sura  of  the  northings  is 

equal  to  IIB-hBG  —  ffO;  and  that  tbe  sum  of  the  southings  is 

eqnal  to  CI-h^A  =  PA  =  110 ;  hence,  the  sum  of  the  northings 

t>  equal  to  the  mim  of  the  sonfhiuffn. 

If  we  consider  the  departures*  it  is  apparent  that  the  sura 


of  the  eastings  is  equal  to  GC+CF^  GF;  and  that  the  sum 
of  the  westings  is  equal  to  AII-\-DK  =^  OF;  hence,  Mf  mm 
of  the  easlinyfi  is  eqnal  /o  thv  sum  of  the  wesfinffs.  We  there- 
fore mi\  that  wheu  the  stirvcj  is  correct,  fhe  sum  of  t/te  north in/js 
will  be  equal  io  (he  sum  of  the  souihlngBy  and  the  sum  of  tk 
eastings  fo  the  snm  of  the  westings. 

It  would,  inik'ed,  appear  |ilaiii,  even  without  a  rigorous 
demonstration  J  that  after  having  gone  entirely  round  a  piece 
of  laiidj  the  distance  passed  over  in  the  direction  due  north 
must  be  equal  to  thiit  pas>sed  over  in  the  direction  due  south  j 
and  that  the  distance  passed  over  in  the  direction  due  e^t 
must  be  equal  to  tliat  passed  over  in  t!ie  direction  duo  west, 

119.  The  honndaries  of  a  Held  are  generally  occupied  by 
fences,  and  frequently  also  by  a  border  of  shrubbery,  so  that 
chaining  along  the  true  houndai-y  is  impossible. 

In  Kuch  case8,  it  becomes  necesi^ary  to  measure 
an  offset  at  each  end  of  the  course  (aod  at  right 
angles  to  it),  and  of  sufficient  length  to  clear  tlie 
obstructions ;  the  nieasurcmetit  in  then  made 
between  thccc  temporai-y  stations. 

It  i;^  evident  that  the  hearing  and  length  of 
mUy  tiic?  olTsot-coui'se,  are  tlio  same  a^s  tho.se 
of  MX, 

Wlien  such  offset-con rscs  are  necessary  for 
several  successive  courses,  errors  an*  likely  to  ho 
committed,  unless  the  surveyor  is  careful  to  make 
new  offsets  for  each  course. 

Ta  mrcey  honndanes  IM,  MX,   NO,   c(t.,   along  which 
chaining  cannot  he  done,  as  in  Fig.  64,  proceed  thus: 

Set  the  instnimcnt  at  some  point*  A  for  example^  far  enough 
from  LM  to  clear  all  obstacles,  neually  five  or  rix  feet;   uext 


e  a  pole  at  B^  make  Bb—Aa  by  measurement,  laying  off  the 
ncliculars  by  the  eye  alone ;  now  sight  J5  and  note  the  reading, 
lie  the  eompa.ss  is  giglited  oo  B^  look  acro^;*  two  notches  cut  in 
tie  rim  of  the  compass4jox  in  a  line  perpend iculur  to  the  line  of  the 
Jghta  and  passing  through  the  needle  pivot^  and  fix  a  plumb-line 
■n  LMi  as  at  a;  if  th^  distance  -If/,  when  re-measured,  should 
fer  much  from  that  used  in  getting  off  Bb,  the  offsets  must  be 
■cted ;  now  measure  La  (a  few  links  only),  and.  transfemng 
e  link  held  at  a  to  ^4,  continue  the  measurement  along  AB  to 
haTing  set  up  the  compass  at  5,  sight  to  A  for  the  back- 
t,  or  reverse-bearing,  and  at  the  same  time  fix  a  plurah-line 
Jby  **cro8s^ighting'' as  before;  transfer  the  link  held  at  B 
bt  and  continue  to  M,  and  enter  the  length  of  LM^  thus 
biined»  in  the  notes. 
Without  moving  the  instrument,  measore  the  perpendicular 
,  set  a  stall  at  D  and  make  Dd^  the  perpendicular  to  MN  pro- 
iged,  equal  to  Be;  sight  to  D  for  the  bearing  of  MN,  cro&s* 
Jit  to  fijc  r,  and  do  the  same  at  D  to  fix  d;  measure  Mc,  BD, 
IT;  Mc-^ BD-^dN ^  My,  which  enter  in  the  notes.  In  like 
ner,  NO  =  M  +  DH^h(K 

120*  It  has  b«en  customary,  since  the  firet  settlement  of  this 

mtry,  to  nse  the  compass  in  all  land  surreys,  so  that  the 
Bcription  of  lands,  in  purchase  and  sale,  and  by  which  they 
\  recognized  in  the  courts,  inYolves  the  length  and  bearing 

each  straight  line  of  the  boundary.  The  method,  therefore, 
at  present,  a  necessary  one. 

The  errors  to  which  the  compass  is  liable  are  so  numerous 
1  ao  variable,  even  iu  the  eamo  iastrumont,  that   a  change 


of  practice  is  very  desirable.     Many  surveyors,  to  insure  a  higher  i 
degree  of  accuracy,   measure   tUc  angles  of  a  field  with   the 
transit,  and  then,  having  determined  the  bearing  of  one  side 
with  sufficient  accuracy,  calculate  the  others  by  a  method  to  be 
shown  in  a  subsequent  article. 

121,  In  surveys  of  large  areas,  the  surveying  party  should 
'consist  of  at  least  four  persons — viz.,  a  compass-man,  a  flag* 
man,  and  two  chain-men.  In  smaller  areas,  the  work  is  gen- 
erally performed  by  tlie  surveyor  and  cue  assistant;  the  survivor 
serving  alteruutely  as  compass-man  and  hiud-chainuian,  and 
the  assistant  as  flag-man  and  fore- chain  man. 

122*  In  recording  the  notes  of  tlie  survey,  the  advantage  of 
beginning  at  the  bottom  of  the  page  is  this  :  that  when  standing 
on  the  Une  to  l)e  surveyed,  and  looking  in  the  direction  we 
]>ropose  to  go,  the  cokimu  in  tlie  book  lies  Jjcfore  us  just  as  the 
line  does,  and  all  measurements  made  to  tlie  right  or  left,  of  that 
line  are  recorded  at  the  right  or  left  of  the  column.  In  snrveyi 
where  many  auxiliary  notes  are  taken,  a  diagram  is  au  importam 
aid  to  a  ready  interpretation  of  the  other  notes. 

GENERAL      EXAMPLE. 

123.  To  explain  the  method,  in  full,  of  making  a  com' 
survey  and  recording  the  notes,  we  will  take  an  example  of  g 
farm,  in  which,  in  addition  to  the  usual  survey  of  the  boundiiry, 
such  other  measurements  arc  made  as  to  enable  us  to  make  n 
correct  map  of  the  whole. 

Page  87  represents  a  farm  to  be  surveyed,  and  page  S6^  thfl 
ptes  which  am  made,  in  the  operations  on  the  field. 
Begitming  with   the  corner  marked  Ay  the  bearing  of  the 
line  AB  h  taken.     In  most  cases,  offsets  from  both  A  and  B 
jKO^  ^*         "^aken,  in  order  that  the  survey  may  be  clear  of  tho 
ch  offsets  are  not  recorded  ;  the  surveyor  must  keep. 
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in  mind  that  it  is  the  boundary  of  the  field  that  is  surveyed,  and 
any  device  by  which  this  is  accomplished  is  no  part  of  his 
notes. 

The  record  of  the  bearing  of  the  first  course  is  entered  at  the 
right  of  the  column  (page  86),  while  the  letter  designating  the 
station,  is  placed  to  the  left. 

The  symbol  A,  which  signifies  station,  is  placed  in  the 
column,  between  the  letter  and  the  bearing,  for  each  angle  of 
the  farm. 

In  chaining  the  first  course,  the  intersection  of  the  line 
with  any  objects  worthy  of  notice  is  recorded.  The  first  record 
is  of  the  road  leading  to  the  quarry.  As  it  is  an  unimportant 
road,  a  single  measurement  of  the  distance  on  the  course  to  its 
centre  is  sufficient  to  locate  it    The  distance  is  4.30  chains. 

At  11.30  and  12.35  the  sides  of  the  turnpike  are  intersected. 
The  bearing  of  the  road,  at  this  point,  is  also  carefully  taken  and 
recorded. 

The  intersections  of  the  garden  fence  and  of  the  brook  are 
also  noted  (17.40)  and  (18.10);  and  these,  with  the  entire  length 
of  the  course  (31.95),  close  the  record  of  this  line. 

At  By  the  back-sight  upon  A  is  first  taken,  and  entered  in 
the  notes  opposite  the  ^-station  mark,  as  directed  in  Art.  116. 
The  entry  is  omitted  in  the  example  to  avoid  crowding  and 
confusing  the  not'CS.  Then  the  bearing  of  BC  is  taken.  Next 
the  bearing  of  the  northernmost  chimney  of  the  farm-house 
is  taken  (N.  73**  E.).  Such  bearings  serve  two  purposes. 
They  aid  in  the  location  of  the  objects  observed,  upon  the  map, 
and  serre  also,  in  case  of  errors,  to  aid  in  detecting  their 
locatioD. 

In  genera],  in  surveying  large  or  small  areas,  some  prominent 
point  or  points,  within  the  boundary,  should  be  selected,  and 
their  bearings,  from  different  angles,  carefully  noted. 
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Tlie  chimney  of  tlie  fiirtn-housc  and  the  oak-txee  in  Ibe 
corner  of  the  wheat-tieUl,  are  thus  emi>loyeil  in  this  survey. 

At  C,  the  career  uf  the  lieki,  is  in  the  centre  of  the  hrook, 
and  from  Wih  point  to  IK  tlic  brook  is  the  boundary.-  A  straight 
line  is  run  between  the  stadons,  and  offsets  are  measured  to 
eaoh  bend  of  the  brook. 

It  is  necessary,  in  sueh  a  case,  for  the  ehui union  to  exercise 
unusual  cure  in  keepiug  in  the  line  between  the  istatioms,  othe^ 
wise  the  lengths  of  the  offsets  eannot  be  correctly  measured. 

At  E,  the  bearing  of  the  oak-tree  is  taken  (N.  73^ "^  R).  On 
the  course  between  E  and  F^  a  marsh  is  encountered,  which  the 
chainnien  pass,  by  an  otTset  loiirse. 

At  /i  another  Fx^unng  is  taken  of  tlie  oak-troe  (S.  44J''  R). 

At  Oj'  the  bearing  of  the  farm-house  chimney  is  noted 
(S,  20^*  E.)*  At  G  and  H  the  bearings  of  the  division-fences  an 
taken.  On  the  course  fmm  //  U^  /,  the  turnpike  is  apun 
crossed  ;  the  intersection  of  Ijoth  .-ide^  together  with  the  bearing, 
are  carefully  noted* 

From  /  to  A',  the  intersection  and  bearmg  of  the  fence 
between  the  potato  and  tlie  wheat  field,  are  recorded.  The  cooiBO 
from  JTto  A  closes  the  survey.  ^| 

To  locate  the  buildings  about  *he  farm-house,  a  few  xamm^ 
ments  would  be  necessary ;  but  they  may  begin  with  the  point 
already  loeiited  by  the  bearings  taken  to  the  chimney  nearest  the 
north  end  of  the  house. 

The  dimensions  of  the  buildings,  their  difitances  ^mt,  and 
the  direction  of  one  side  of  each  afford  sufficient  data  for  locating 
them,  correctly,  upon  the  map. 

Note,— The  advantiige  of  the  compass  over  other  instniments 
with  which  angles  are  measured,  lies  chiefly  in  this :  that  the 
Bearing  of  a  course  may  be  measured  at  any  point  on  the 
line. 
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Wlieu  the  angle  between  adjacent  sides  is  taken  with  tho 
Transit,  the  work  can  only  lye  done  at  the  corners  uf  the  Held  ; 
and  when,  as  fireqaentl}-  happens,  a  hill  intervenes  between  two 
consecutive"  stations,  it  becomes  necessary  to  locate  a  point  on 
the  hilly  in  the  true  line,  and  then  retiini  to  the  corner  to 
mcjisure  the  angle  ;  whereas,  when  the  compass  is  employed,  the 
establishment  of  the  intermediate  point  on  the  hill  atTunla  tho 
means  of  taking  the  proper  bearing  without  going  to  the  angle. 
Furthermore,  the  bearings  may  be  measured  with  the  compass, 
by  placing  it  at  the  alternate  stations  only. 

The  disadvantage  of  these  rupid  methods  is  that  there  is  no 
check  upon  the  needle  readings,  as  there  is  in  baek-j^ighting, 
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124.  To  Correct  Local  Attraction.  — Sufipose  that  bearings 
and  reverse-bearings  have  ogieed  fur  sevend  stations,  and  tliat 
then  a  back-sight  differs  from  tlie  preceding  fore-sight :  it  may 
he  concluded  that  local  attraction  affects  the  needle  at  the  last 

ion  only. 

Suppose  the  fore-sight  at  F  to  have 
heeji  N.  30  R,  and  the  back-giglit  at  *S' 
to  be  S.  28  W. ;  suppose  the  fore-sight 
at  5  to  be  N.  23  W. ;  what  is  the  cor- 
rect fore-sight  at  .S*  ?  From  Fig.  67 
we  see  that  the  needle  at  S,  instead  of 
being  parallel  to  the  needle  at  P  (as 
indicatA^'d  by  the  dotted  needle)  as  it 
should  Vie,  has  been  deflected  by  local 
attraction  (as  shown  by  the  full  needle), 
so  that  its  south  end  is  moved  2""  to  tho  W.,  and  it:^  north  end  2^ 
to  the  E,  of  its  prop**r  position.  Hence  the  forc-i?ight  at  S,  being 
taken  from  the  needle  in  a  false  ^losition,  is  2''  too  large,  and 
should  be  only  N.  24  W.  By  similar  reasoning,  aided  by  a 
mental  picture  of  the  case,  any  bearing  may  be  corrected. 
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If  no  back-sight  and  its  fore-sight  agree,  then  take  the  mean 
of  the  htick-sight  and  fore-sight  which  differ  least;  or  seek  gome 
ground  at  a  distance,  free  from  local  attraction,  and  then  work 
into  the  plot  to  be  surveyed ,  correcting  each  fore-sight  on 
the  way. 
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SECTION     IV. 

AREA    OR    CONTENTS    OF     GROUND. 

Raving  explained  the  necessary  operations  on  the  fieldi  we 
shall  now  proceed  to  show  the  manner  of  computing  the  contents 
of  ground. 

125.  The  Traverse  Table  and  its  Uses. --^Th  is  table 
shows  the  latitude  and  departure  corresponding  to  bearings  that 
are  expressed  in  degrees  and  quartei-s  of  a  degree,  from  0  to  DO^^ 
and  for  every  course  from  1  t6  100,  computed  to  two  places  of 
deeimal^?. 

Tlio  following  is  the  method  of  dedncing  the  formulas  for 
computing  a  traverse  table ;  by  means  of 
these  formulas  and  a  tuble  of  natural 
Bines,  the  latitude  nml  departure  of  a 
coarse  may  be  computed  to  any  desirable 
degree  of  accuracy. 

Let  AD  be  any  course,  and  NAD  its 
bearing;  then  AE  h  ihe  hiiiude,  and  ED 
the  dq)artnre  of  the  course  AD,  to  the  bear- 
ing NAD,  From  Art.  36»  we  have  (using 
nat.  sines) 
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And  from  Art  32,  we  have  (since  sine  AED  =  1), 
AD  :  ED  ::   1  :  sine  NAD. 

Whence,  dep.  =  course  x  sine  of  bearing. 

We  have  then  the  following  practical  rule  for  computing 
the  latitude  and  departure  of  any  course. 

Look  in  a  table  of  natural  sines  far  the  cosine  and  sine  of  the 
hearing.  Multiply  each  by  the  length  of  the  course^  and  the  first 
product  will  be  the  latitude,  and  the  second  will  be  the  departure 
of  the  given  course. 

EXAMPLES. 

1.  The  bearing  is  65°  39',  the  course  69.41  chains:  what  is 
the  latitude,  and  what  the  departure  ? 

Natural  cosine  of  65°  39' 41231 

Length  of  the  course 69.41 

Product,  which  is  the  Dif.  of  Lat      .     .  28.6184371 

Natural  sine  of  65°  39'    .    *. 91104 

Length  of  the  course 69.41 

Product,  which  is  the  Departure   .     .     .  63.2352864 

2.  The  bearing  is  75°  47',  the  course  89.75  chains ;  what  is 
the  latitude,  and  what  the  departure  ? 

Natural  cosine  of  75^  47' 24559 

Length  of  course 89.75 

Product,  which  is  the  Dif.  of  I^t      .     .  22.0417025 

Natural  sine  of  75°  47 96937 

Length  of  course 89.75 

Product,  which  is  the  Departure  .     .     .  87.0009575 

Li  this  manner,  the  taraverse  table  given  at  the  end  of  the 
book,  has  been  computed.    When  the  bearing  is  given  in  d 
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find  qoarti^ni  of  a  digree,  sad  tl 

(Icporttirc  aP-^  riyjuia-d  to  onlj  tw^ 
bo  taken  dirirtly  from  ibe  tmrene 

When  the  l>earing  in  leaa  tbaa  45^,  the 
at  thit  top  of  tho  page;  when  gneafter,  «l  Iht 
iliituiR'it    h    less    Uma    50»  ii  wOl   \m 
*U\\nUitm*,'*  un  the  left-liaad  page;  when  gmier 
tho  eorix*iiputidlrig  column  of  the  ngbt-fnad 

126.  'Vhv    latitncleg   or   depttrtures  of  ^ 

(HinrnrM  ufdifTrretit  len^Mlis,  but  which  )iaTe  i 

i\w  muw  imiYiu^,  uru  proportioual  to  the  G^— ^^ 

loiigthii  oj'  the  courseN.     Thus,  in  the  figure,     ^V- 

thi'   liiiiiiiiln^   A(L   A(\  or  the  departures 

Hf\  ('if,  nn^  tij  eui'U  ulhiiY  as  the  eourees 

AF.Att 

'VhvvvUm\  wliou  tht^  distance  is  greater  tntin  ivv\  i;  luuv  ii- 
(Hvlibnl  by  any  iiimjlnT  whicj^  will  giv*?  an  exact  qiiotienl  fei* 
Ihnii  HKl:  Ihoii  tho  hititude  aucl  departure  of  the  quotietit  being 
ftniiid  mid  iiiiiltipliiM.1  by  the  diviBiir,  the  products  will  be  the 
hililndu  iiud  di^ivartiiRi  of  the  whole  course*  It  \&  oko  pbio. 
(Ital  lb<*  Irtlitinb*  t>r  dtipurluiv  of  two  or  more  courses,  baling 
tho  nnttio  houring,  \a  (M}ual  to  the  gam  of  the  latitudes  or  dcpiir- 
turoa  of  tho  courses  taken  »ej>ai*ately. 

U  U  ttlwuys  better  to  obtaiu  tho  lat.  and  dep.  by  addition 
Hitm  by  multiplieatiou:  thus,  if  w^o  sought  the  lat.  and  dep.  *rf  « 
eiitirw"  nf  I  HO  ft,,  beiiriiig  M'^,  they  would  l>e  found  by  multiplica* 
tiou  ihm* 

l!»t.  19  y  10  =  15.37  X  10  =t  153.70 
dep.  10  X  10  =  11.17x10  =  111. TO 

giving  roHullfi  eontaiuiug  ten  times  the  error  of  lat.  and  dep  of 
1^1  aa  given  in  tlie  table.     By  addition  we  ehould  lia^e 
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lat.  1004-lat   90  =  80.90  +  72.81  =  153.71 
dep.  lOO+dep.  90  =  58.78  +  52.90  =  111.68 

which  are  closer  approximations  than  the  former. 

Hence^  we  should  always  make  oar  multipliers  as  small  as 
possible. 

EXAMPLES. 

1.  To  find  the  latitude  and  departure  of  614,  to  bearing  29J°. 


Latitude  of  100  x  6  =  522.24 
Latitude  of  JA=    12.18 

Latitude  of  614      534.42 


Departure  of  100x6  =  295.44 
Departure  of  JA  =  6.89 
Departure  of        614  =  302.33 


2.  To  find  the  latitude  and  departure  for  the  bearing  62^% 
and  the  course  7855  chains. 


Latitude  for  7800  .  3602.00 
Latitude  for  55  .  25.40 
Latitude  for  7855      .      3627.40 


Departure  for  7800    .     6919.00 

Departure  for 55    .    48.79 

Departure  for  7855    .    6967.79 


Note. — When  the  distances  are  expressed  in  whole  numbers 
and  decimals,  the  manner  of  finding  the  latitudes  and  departures 
is  still  the  same,  except  in  pointing  off  the  places  for  decimals  ; 
but  this  is  not  difficult,  when  it  is  remembered  that  the  column 
of  distances  in  the  table  may  be  regarded  as  decimals,  by 
simply  removing  the  decimal  point  to  the  left  in  the  other 
columns. 

3.  To  find  the  latitude  and  departure  for  the  bearing  47i°, 
and  the  course  37.57. 


Latitude  for  37.00  .  .  24.88 
Latitude  for  .57  .  .  _.38 
UAHude  tor  37.57    .     .     25.26 


Departure  for  37.00  "  .      27.39 
Departure  for     .57      .  42 

Departure  to  ^1  .bT      .     W^V. 


ELEMKNTB    OF    SUBVETIKO, 


[book  m. 


127,  Balancing  the  Work, — The  field-notes  having  been 
oompletL'Ll,  rule  a  new  table,  as  below. 

Then  Oad,  from  Hie  tmverse  table,  the  latitnde  and  departurp 
of  eaeh  course,  and  enter  them  in  the  proper  eoltimns  opposite 
the  station  * 

Then  add  tlie  column  of  northingi*,  and  also  tbe  column 
of  southings;  the  two  sums  should  be  eifual  to  each  other. 
If  tbej  are  not,  subtract  tlie  less  from  the  greater ;  the  remaitidef 
IB  called  the  error  in  lafifiide.  Find  the  error  in  de|>arturem 
the  same  way* 

This  error  for  latitude  or  departure  must  be  distributed 
among  the  latitudos  or  departures  of  all  the  courses,  in  propor- 
tion to  the  lengtli  of  each  course,  observing  to  add  the  correction, 
when  applied  to  the  deficient  columu,  and  to  .subtract  it,  when 
applied  to  the  other. 

Til  is  may  be  illustrated  by  tho  example  of  (Art.  115), 


Sutlona. 

Bearings. 

0(i. 

Die        11. 

nopw 

Bakine.       1 

8. 

E. 

+ 

W. 

Lftt. 

Dep. 

1 

A 

N.3irW. 

10.40 

8.8T 

*  .  .  . 

•  .  .  . 

5.43 

+a86 

-5,M, 

B 

N.ca-  E. 

%W 

4.32 

8.ia 

+  4.31 

+ai3 

C 

S.  36'  E. 

7.60 

■ 

6.15 

447 

-^nAb 

^iM 

D 

S.  45i="  W. 

10. 

7.01 

7.13 

—  7.02 

-7d4 

Sum  of  courses,  37.20 

13.10 

laie 

12.C0 

12.56 

13.1G 

12.5C 

■ 

Error  in  latitude 


,03 


.04  Error  in  dc 


partai^H 


The  error  in  latitnde,  3  link.s,  is  to  be  distribntcHl  among  the 
northiugs -and  .son things,  in  proportion  to  the  lengths  of  the 
courses;  a  part  to  be  added  to  the  southings,  and  the  remaining 
part  Mubfrnc/ed  from  the  northings.  The  error  in  departure  is 
similarly  distributed  among  the  oastint^^s  and  westings.     For  th 
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two  new  columns  arc  formed.,  calloi],  the  balanced  latitudes  and 
departures;  and  to  these  columns  tlie  latitudes  and  defTartuitiii 

B  ane  transferred,  after  the  corrections  have  hueo  xmuh  ;  tho  north 

■  latitudes  being  marked  ^-,  and  the  south  latitudes  — ,  iu  order 

"  to   dl^^tiDgiikh   them   reiidih%  and  a  1st),  for  couvenieucii   in   the 

I       i%nlcnlations  whieh  tullow, 

f  The  error  of  .03  in  the  latitudes  h  di^^tri bated  among  the 
latitudes,  hy  subtracting^  1  link  from  each  of  the  northings  of 
courses  A  and  B,  and  adding  1  link  to  the  sou  tiling  of  course  D. 

^  This  produces  a  balance. 

H  Of  the  error  of  4  links  in  the  departures,  1  link  is  added  to 
each  of  the  departures  west,  and  1  link  subtracted  from  cacii 
of  the  departures  east.    This  produces  a  balance. 

f  NoTE,^When  a  knowledge  of  the  conditions  under  which 
the  survey  was  made,  enables  ns  to  determine  that  errors  were 
more  likely  to  occur  at  certain  points,  it  is  Ix^st  to  apply  tlie 
corrections  to  those  courses  where  it  seeras  probable  the  errors 

I were  made. 


128.  The  limit  of  error  to  be  allowed  depends,  of  course, 
.upon  the  importance  of  the  .survey. 

In  oixlinary  farming  districts,  the  error  should  be  as  small 
1  link  to  5  or  10  chains  of  perimeter. 

The  "error  of  the  survey  "  ^should  he  considered  as  the  length 

Df  the  line  necessary  to  close  ihe  honudanjj  and  is  equal  to  the 

juare  root  of  the  sum  »if  the  H[uares  of  the  errors  of  latitude 

md  departure.     Thus,  in  the  abore  example,  the  error  of  the 

xivtiey  is  5  links.     The  perimeter  being  37.'^0  chains,  the  error 

'b  about  1  link  to  7,45  cbams,  or  ^^  of  the  perimeter. 

H      129.  It  will  be  well  to  bear  in  mind   the  fact,  that   if   the 

^wror  in  the  perimeter  has  been  made   in  one  course  only,  and 

distributed,  by  the  ordinary  methods  of  balancing,  among  alt  the 


i 


96  ELEilEXTS    OF    SLEVEYING.  [bOOK  UL 

courses,   the   error  in   area  will  be   larger    than   tlic   error 
perimeter. 

130,  When  the  error  ia  bo  large  that  a  re-stirvey  becoirn 
necessary,  the   balancin(j   should   be  caiffnlly  re-examined.     lu 
many    cases,    the    lucatiou    of    the  error    may    be  determined 
by  inspection  of  the  computation,  and  a  portion  of  the  kbofj 
of  a  re-survey  thereby  saved. 

Tbis  refers  more  particularly  to  those  cases  where  the  error 
is  one  of  chaining,  and  is  liio&tly  in  one  course.  Errors  of  tbiB 
kind  occur  sometimes  ivith  experienced  chainmen,  who  draw 
the  chain  properly  between  the  coui^ea,  but  make  occagionaUy 
an  error  in  counting  the  fractional  part  of  a  chain  at  the  end 
of  a  course.  In  such  cases,  the  location  of  the  error  may  be 
detected  by  observing,  first  what  columns  contain  errors,  and 
secondly  the  ratio  of  the  errors  uf  Latitude  and  Departure. 

When  the  error  in  the  survey  lias  been  a  single  one,  of  dis-- 
tance  only,  then  the  ratio  Ix'tween  the  errors  of  Latitude  and 
Departure  must  be  the  same  as  the  ratio  between  the  Latitude 
and  Departure  of  the  course  to  be  corrected.  If  the  errors  be 
in  northings  and  westings,  Ihen  the  courses  running  either 
North  and  West,  or  South  and  East,  should  he  examined. 


131.  The  surveyor  should  take  every  iwssible  precaution.; 
against  errors  in  the  bearirigs.  This  is  accomplished  by  bock*; 
sighting,  taking  bearings  of  some  one  object  from  several  stii- 
tions,  aud  alao  by  taking  bearings  of  stations  across  the  field- 
These  precautions  wiH  give,  in  general,  sufficient  data  for  the 
detection  of  an  error  in  bearing ;  for,  by  ma^Jping  the  survey 
aud  drawing  the  lines  to  indicate  the  extra  bearings,  the  error 
U  revealed  by  the  failure  of  the  lines  to  meet  at  a  common 
point. 
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■  132*  One  source  of  error,  in  large  surveys  with  the  compass, 
^■tt  frequently  overlooked*  This  is  the  diurnal  vanatioti  ;  there 
^Hl  Bometimes  as  much  as  15  mioutes  variation  during  the  duj- 
Hlight  hours. 

H       Errors  from  this  source  can  only  he  avoided  by  testing  the 
Hpompflfiay   at  intervtils  of  two  or  threo  hours,   by    taking    the 
bearing  of  the  same  line. 

H       133.  There  is  one  kind  of  error  frequently  made  in  reading 
the  compftss  when  the   bearing   is  nearly  east  or   west      The 

P-^-^^r  arises  from  reading  North  for  South,  or  the  n^vers^.  If 
survey  is  otherwise  correct,  the  error  in  latitude  is  just 
?e  the  latitude  of  the  course  containing  the  error, 


DOUBLE     MERIDIAN     DISTANCES 


134.  After  the  work  hm  been  balanced,  the  next  thing  to 
be  done  is  to  calculate  the  doul>le  meridian  distiince^  of  each 
course. 

For  this  purpose,  any  nierifliau  line  may  bo  iissumed.  It  is, 
however,  most  cuuvenicnt  to  assume  that  nicridian  which  passes 
Jirough  the  most  ejisterly  or  westerly  station  of  the  survey  ; 
and  these  two  stations  arc  readily  determined  by  inspecting 
the  field-notes. 

Having  chosen  the  meridian,  let  the  station  through  which 
it  passes  be  called  the  prinmpal  daiioru  and  the  course  w^hich 
begins  at  this  point,  ike  first  course.  Care,  however^  musl  be 
taken  not  to  confound  this  with  the  course  which  begins  at 
iation  S,  and  which  is  the  first  course  that  is  entered  in  the 
field-mles. 

It  has  already  been  remarked  (Art.  105),  that  all  departures 
in  the  direction  east  are  considered  as  plus,  and  all  departures 
in  the  direction  w^est  as  minus. 
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135.  To  deduce  a  rule  for  finding  the  doable  meridian  dis- 
tance of  anj  oourse.  Let  SN  be  the  assumed  meridian,  hsi 
BC  represent  any  course,  and  AB  Ihe  preceding  oourae;  also, 
let  D  and  E  l»e  their  middle  points.  Draw  EH^  DG,  iwid  CM, 
per[>endicular  to  the  iissumwl  uieriLliiiti 
NS,  Draw  also  ^1/,  EK^  and  BLy  par- 
allel to  NS,  Then  2DG  is  the  double 
menditin  dist-aneo  of  the  courise  BC,  and 
itEH  r=  *IKG^  is  the  douhh'  meridian 
distance  of  the  course  A  B, 

Now,  %DG  =  %UK  +  IKL  -f  ILD% 
but  %KL  =  IL  is  the  departure  of  the 
course  AB^  and  %LD  =  MC  Ib  the  de- 
parture of  the  course  BC\  consequently, 

WD  =  IGK^  IL  -h  MC\ 

hence,  the  double  meridian  distance  of  a  coiirso  is  equal  to 
the  double  meridian  distance  of  the  preceding  course,  plus  the 
departure  of  that  course,  plus  the  departure  of  the  course  itself  • 
if  there  is  no  preceding  course,  the  first  two  terms  becoatf 
zero.     We  therefore  have  the  fi>lkiwin<^ 

BuLE. — I,  The  donble  inerUUan,  diMance  of  the  fir^ 
course  is  equal  fo  lis  (leparhire : 

IL  The  dmihle  meriMan-  distance  of  the  second  eotif^' 
fs  equal  to  the  donble  meridian  distance  of  the  first  vonrset 
pfu.'i  its  departure,  plus  the  departure  of  the  second  couW* 

IIL  Tiie  double  meridian  dlstanefi  of  any  course  ^^ 
equal  to  the  douhle  meridiafh  di stance  of  the  preceding 
course  ;  plus  its  departure,  plus  the  departure  of  w 
I      course  itself 

Note.— It  should  be  recollected  that  pins  is  here  used  in 
its  algebraic  sense.,  and  that^  when  the  double  meridian  distanee 
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of  a  course,  and  the  departure  which  is  to  be  added  to  it, 
are  of  different  names,  that  is,  one  east  and  the  other  west, 
they  will  have  contrary  algebraic  signs ;  hence,  their  algebraic 
8am  will  be  expressed  by  their  numerical  difference,  with  the 
sign  of  the  greater  prefixed. 

If  the  assumed  meridian  cuts  the  enclosure,  the  double 
meridian  distances  estimated  to  the  east  are  plus,  and  those 
on  the  west  must  be  taken  with  the  minus  sign. 

The  double  meridian  distance  of  the  last  course  should  bo 
equal  to  the  departure  of  that  course.  A  verification  of  the 
work  is  therefore  obtained,  by  comparing  this  double  meridian 
distance  with  that  departure. 

AREA. 


136.  Let  us  resume  the  example 
of  Art.  115.  We  will  first  write  the 
differences  of  latitude  and  the  double 
meridian  distances  of  the  courses, 
in  the  following  table: 


1 

' 

c 

^ 

A. 

y 

B 

\ 

D 

£ 

> 

\ 

\ 

/ 

< 

\ 

k                o 

p 

Fio.  71. 


StatloM.  IMf.ori«Utiid(L 

D.  X.  D. 

r 

Area. 

+ 

Area. 

A 

+  cB 

+  2*a 

%cAB 

B 

+  Bs 

+  2«' 

%B8C 

0 

-Dy 

+  3nA 

%msCD 

D 

-Df 

+  2ed 

ZcmDA 

It  is  evident,  that  cB  multiplied  by  2ba,  or  cA,  will  give 
doable  the  area  of  the  triangle  cAB,    But  cB  and  ba  are  both 
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plaa;  hence,  the  product  will  be  phig,  and  must  be  pat  in 
the  eoktmu  of  plus  areas.  Double  the  area  of  the  triangle 
BsCy  is  erjual  to  B$  multiplied  by  2^j7,  wliich  product  ie  alio 

plusi. 

Tbe  areiii  of  the  trapezoid  msCD  U  equal  to  yD^  or  ms,  mtilti- 
plied  by  nh  (Georn*,  Bk.  IV,  Prop,  VII);  hence,  double  tlit? 
area  is  equal  to  ^Z>  into  2n^^  But  eioce  yD  (being  a  southing) 
is  minus,  and  2itA  plus,  it  follows  that  the  prodnct  will  be 
negative;  hence,  it  must  be  placed  in  the  column  *>f  negutive 
areaa. 

Double  the  area  of  the  trapezoid  cADm,  is  equal  to  JD/lor  wc, 
multiplied  by  2de ;  but,  since  Df  is  negative  and  2de  poBiti^ 
the  product  will  be  negative. 

It  is  now  evident  that  the  difference  between  the  two  columfls 
is  equal  to  twice  the  contents  of  the  figure  A  BCD;  and  «iut« 
the  same  may  be  shown  for  any  other  figure,  we  have,  for  finding 
the  areas,  the  following  general 

BULE.— L  MiiUtphj  the  dsuMe  meridian  distance  of 
each  course  by  its  rwrthing  or  mnthing,  observing  that  liki 
signs  in  the  inititiiflictnid  and  multiplier  give  plus  in  ih$ 
product,  and  that  ufilike  signs  give  fuinus  in  the  product 

II.  Place  (til  the  products  tvhich  have  a  plus  sign  i» 
one  cohann,  and  all  the  products  which  have  a  minM 
sign  in  another. 

III.  Add  the  cohiniTM  separately  and  fake  the  dif- 
ference of  their  sums ;  this  difference  will  be  double  th^ 
area  of  the  land. 

Note. — When  offsets  are  measured^  the  figures  of  which 
the  ofhetB  are  bounding  liiioa  are,  practically,  triangles  and 
trapezoids,  and  the  areas  of  these  are  to  be  separately  computed^ 
aud  aJded  to  or  subtnieted  from,  as  the  case  may  be,  the  area 
obtaiucnl  by  the  foregoing  rule. 
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137.  We  will  now  make  the  calculations  of  this  example,  in 
nombers,  from  the  field-notes,  which  are  the  following : 


Stattont. 

Bearlog*. 

Distances. 

Difl.Lat 

Dep. 

D.M.D. 

A 

N  31^°  W 

10.40 

+  8.86 

—5.44 

+  M.(B 
-7.14 
-B.44 

+    5.44 

•B 

N62°    E 

9.20 

+  4.31 

+  8.12 

+    8.12 

C 

S  36°    E 

7.60 

-6.15 

+4.46 

+8.U 
+4M 

+  20.70 

D 

S  451°  W 

10. 

-7.02 

-7.14 

4.40 
-1.14 

+  18.02 

We  see,  from  inspecting  the  notes,  that  B  is  the  most 
westerly,  and  D  the  most  easterly  station.  Either  of  them  may, 
therefore,  be  taken  for  the  principal  station.  Let  us  assume  B 
for  the  principal  station,  through  which  the  assumed  meridian 
passes^  and  distinguish  it  by  a  star,  thus  *. 

Having  done  so,  we  enter  the  departure  8.12  in  the  column 
of  double  meridian  distances,  which  is  the  double  meridian 
distance  of  the  course  from  B  to  C.  The  double  meridian 
distances  of  the  other  courses  are  calculated  according  to  the 
rale ;  and  as  the  last,  which  is  that  of  the  course  from  A  to 
By  is  equal  to  tbe  departure  of  that  course,  the  work  is  known 
to  be  right 

Let  us  now  form  a  new  table,  which  will  complete  the 
arithmetical  part  of  the  work. 
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Btlt. 

Beaiingf* 

DisL 

PIT,  LsL 

D.  If ,  D. 

Area. 

An*.     1 

A 

N  31i°  W 

10.40 

+  8.86 

+  5,44 

48.1984 

*B 

NBiJ"    E 

9.20 

+  4,31 

+  8.12 

34.9972 

0 

S  36°    E 

9.60 

—6.15 

+  20.70 

12:^ 

D 

8  45i^  W 

la 

—7.02 

+  18,02 

126.5004 

83.1956 

:2o3.80,H 

83.m6 

h 

2 )  170.6098 

■ 

Area  in  eq* 

ch.     ,     . 

^     , 

85.3019 

Ans,    SA.2E.  4.88  P, 

PLOTTING- 

138.    To    make  a    plot    of    tbe       ^ 
ground,   draw   any  line,   as   NS^  to 
represent      the      meridian      passing 
through   the  prineipiil   station  ;  and 
on   this  line   take  any  ponrtj  as  B, 
to  represent  that  stiition.     Beginning 
at  Bt  take  the  algebraic  snm  of  the 
balanecd   latitudes  and,  also,  of  tlie 
balanced  departures  of  the  stations 
fallowing.    These   snms  aa\   respeo* 
tively,  the  total  latitudes  and  total 
departures   (or  longitudes,  see  Art.  148,  Note)  of  the  sevei»l 
courses  with  rt^speet  to  the   principal 
station,  7?.      Tabulate  the  results  (see 
example,  p.  94)  as  shown  iu  the  margin. 
Tbmugh  B,  draw  BX  (Fig.  72)  per- 
pendicular  to   NS,     Oil   NS   lay  off 
(upward  sinee  4.31  is  plufi)  Bs  eijual 
to  4.31  unit^  of  the  scale  on  which  the 


Fio.  72. 


Sta. 


Total  hit. 
fHun  B. 


C 
B 
A 


0.00 

4.31 

--1,84 

-8.86 


from  ^ 


0.00 

8.12 

12.58 
5.44 


Jot  is  to  be  made;  aud  on  BA'  lay  off  (to  the  ritj/d  einco 
12  is  plus)  Bf  equal  to  8.12  units  of  the  scale.  From  8,  as  a 
mire,  with  Bj\  or  8,12,  as    a   mdius,   describe  au   arc  ;    and 

torn  /,  aa  a  centre,  with  B^,  or  4.31,  as  a  radius,  describe 
are ;   the  intersectioji  of  these  ares  will  be  tie  pusilion  on 

Jie  paper  of  Stution  C*  On  NS  lay  off  {thwnwarti  since  1.84 
.  minifs)  Br  equal  to  1.84  units;  and  on  BX  lay  off  to  the 
ght   Bq  equal   to   12.58  units.      From  r,  as  a  centre,    with 

B^,  or  12.58,  as  a  radius,  describe  an  arc  ;  and  from  g^  im  a 
entre,   with   Br^  or  —1.84,  as   a  radius,  describe  an  are;    the 

intersection  of  these  ares  will  Ix?  Hie  position  on  the  paper  of 

Btation  D-     Determine,  in  like  manner,  the  jmsition  on  the  jiajier 

of  each  successive  station  ;  connect  the  points  so  determin<'d  hy 

straight  lines,  and  a  complete  plot  of  I  he  ground  will  be  obtained. 

As  a  check,  the  distances  BC,  CD,  &c.,  should  bo  measured  on 

llic  plot. 


Her! 


,39.  It  IS  convenient,  but  not  iieces?%ary,  to  take  the  moi 
ly  or  most  westerly  station  as  the  princi|ud  eta t ion.  It 
simply  to  be  remembered  that  north  latitudes  and  east 
leparturcs  are  jo?w^,  and  south  latitudes  and  west  de[Kartnres  ai*e 
intts ;  that  total  latitudes  and  total  departures  are  affjchmic 
trnis;  that  plu»  latitudes  are  to  he  laid  off  uu  the  meridian,  from 
le  i>nneipal  station,  upward^  iind  mmns  latitudes  dowmtmrd ; 
bat  ph(S  de|iarttires  are  to  \yo  laid  off  on  the  cast  and  west 
ne,  from  the  principal  station,  to  the  nV///^  and  minus  depar- 
;tires  to  the  lefL 

There  are,  of  course,  other  methods  of  plotting ;  hut  the 
Due  here  given  is,  perhaps,  the  best  m  ease  and  ucenracy  of 
xecution.  If  the  latitudcjs  and  departures  have  Ix-cn  correctly 
balanced,  and  the  drawing  carefully  made,  the  survey  will 
certainly  ** close.-* 


4 
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140. 


-EXAMPLES. 


1,  It  is  requiiHsd  to  determine  the  contents  and  plot  of  a  piece 
of  land,  of  which  the  following  are  the  field-notes,  viz.: 


itep 

OlMU. 

A 

B«ttHii|*.       IM«4. 

ENf.       Ui. 

IH>. 

B*lim«(|« 

IXM.D 

+ 

Aru. 

Aim. 

4 

» 

E 

4- 

w 

UI. 

1    a^p. 

N4arw  90  to! 

UM 

1&.0G 

+  14.80 

-15.01 

1&.(M 

2m.Qm 

B 

NStpE     13.B0 

B.A4 

10.S4 

+aM 

+  10.80 

10.88 

88.8680 

C 

B        Mtl.a5 

31.85 

+tlJT 

48.0B 

n 

B60'    E     tT.aO 

15  44 

n.m 

-ixm 

+^.90 

87.88 

\m,m^ 

E 

SSSrW    18.80 

15,79 

m.Jit 

-15.71 

-10,  a> 

99.97 

10l5«7 

p 

N74rW   ao.9Si 

S.9T 

£0.63 

4g.1l9 

-n.m 

60^ 

4811881; 

ai.io 

SUA 

5&.(r7    CS.9C» 

8DL8ll2Siatt 

81.10 

Error.                                       9 ) 

mum 

^^K                  Error    .    .    .€6 

mim 

^ 

Am. 

mA.%S.9F, 

imm\)i 

PLOT    OF    THE    OKOUND. 


Fio.  73. 

Note*— When  the  bearing  is  due  East  or  due  West,  the  error 
in  hititudc  is  nothing,  and  the  eurrectioDS  for  latitude  musit  ^ 
distributed  among  the  other  courses.  So,  when  the  bearing  i^ 
due  North  or  due  iSouth»  the  error  in  departure  is  nothiugi  a"" 
the  error  in  departuin?  must  lie  distributed  amoug  the  other 
courses.  In  the  examples  for  piiic'tice,  we  have  not  been  ^ 
careful  to  have  as  olo^e  balances  m  must  be  had  in  actual  work 
on  the  field. 
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2.  Beqafared  the  contents  and  plot  of  a  piece  of  land,  of 
which  the  following  are  the  field-notes. 


m,^ 

BeulDgs. 

DUtaooM. 

A 

S  34°    W 

3.95  ch. 

B 

s 

4.60 

C 

S  36i°  E 

8.14 

D 

N  59i'  E 

3.72 

E 

N25°    E 

6.24 

F 

N16°    W 

3.50 

G 

N65°    W 

8.20 

Am.  10  A.0R.5  P. 

3.  Required  the  contents  and  plot  of  a  piece  of  land,  from 
the  following  field-notes. 


BtatlODS. 

Bcsiing*. 

A 

S  40' W 

70  rods. 

B 

N45°  W 

89 

C 

N36»E 

125 

D 

N 

54 

E 

S  81°  E 

186 

F 

S    8°  W 

137 

G 

W 

130 

An8.  207  A.  3  R.  33  P. 
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4.  Bequired  the  coDtents  and  plot  of  a  piece  of  land^  from 
the  following  notes. 


Sutlona. 

BewlDgs. 

Dirtiaoe*. 

A 

S  40i°E 

31.80  ch. 

B 

N54°    E 

2.08 

C 

N  29i°  E 

2.21 

D 

NggJ-E 

35.35 

E 

N57°    W 

21.10 

F 

S  47°    W 

31..30 

Afis.  92  A.  3  R.  32  A 

6.  Required   the  area  of  a  survey,  of  which  the  following 
are  the  field-notes. 


Stations. 

EetiiDKS. 

Distaneo. 

N42''E 

5.00  ch. 

B 

East 

4.00 

C 

N    9°E 

400 

D 

S  69°  E 

5.56 

E 

S  30°  E 

7.00 

F 

S  42°  W 

4.00 

0 

S  75°  W 

100 

11 

N  39°  W 

7.50 

If,  in  this  example,  we  assume  A  as  the  principal  station: 
the  double  meridian  distances  will  all  be  plus,  and  the  V^ 
tive  area  will  exceed  the  negative. 

In  balancing,  we  shall  find  the  error  in  southing  to  ^ 
.28  ch.,  and  in  westing  .22  ch.  The  area  is  13  A.  0  B.  11  P.  ^ 
should,  however,  be  remarked,  that  in  all  the  examples  tb 
answers  may  be  slightly  varied  by  distributing  the  corrections. 
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tYhat  is  the   area  of  a  survey  of  which   the  followittg 
)  field-notes?    Make  the  plot 


StaUoDf. 

Betriog*. 

DisMnoes. 

A 

N  75»  00'  E 

54.8  rods. 

B 

N  20"  30'  E 

41.2 

c 

East 

64.8 

D 

S  33"  30'  W 

141.2 

E 

S  76"  00'  W 

640 

F 

North. 

36.0 

G 

8  84"  00'  W 

46.4 

H 

N  53°  15'  W 

46.4 

I 

N  36°  45'  E 

76.8 

J 

N  22"  30'  E 

56.0 

K 

S  76°  45'  E 

48.0 

L 

S  15°  00'  W 

43.4 

M 

S  16"  45'  W 

40.5 

:his  survey  D  is  the  most  easterly  and  I  the  most  westerly 
.  The  area  is  equal  to  110  A.  2  R.  23  P.  It  may  vary  a 
»n  account  of  the  way  in  which  the  balancing  is  done. 

Wliat  is  the  area  of  a  survey  of  which  the  following 
)  notes?    Make  the  plot 


Ststioiw. 

Beatlngi. 

Dlntances. 

A 

S   46^°  E 

80  rods. 

B 

S  51}'  W 

55.20 

C 

West. 

85 

D 

N56°    W 

110.40 

E 

N  33i"  E 

75.20 

F 

S  74i"E 

123.80 

Arui.  104  A.l  R.U  P. 
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8.  Required   the  area  of    the  farm,   of  which    the   suney 
notes  are  given  in  Art.  123. 


Stathnu. 

BeArlofCB' 

DbtftaoM. 

A 

N  68°  65'  W 

31,95 

B 

N    8"        E 

1.40 

C 

S  87°  05'  W 

22.89 

D 

N  30°  35'  E 

8.39 

E 

N  42'  05' E 

23.91 

F 

N  87°  06'  E 

14,51 

0 

S  64°  30'  E 

7.55 

H 

S  71"        E 

12.21 

I 

8  27°        E 

17.39 

K 

S  30°        W 

ie.97 

Ofl^ts  between  C  Mid 
D  to  l)e  Added. 

15  lii.'iO  chAins, 

Offsets  to  be  sabt  met- 
ed*    15.1865  cb«ui» 


9.  To  determiBe  the  bearmg  and  dietance  from  out  point  to 
another,  when  they  are  so  iitmated  that  one  cannot  he  leen 
from  the  other 

Let  A  and  C  be  the  two  points,  and  AB  n, 
meridian  passing  through  one  of  them.  From 
either  of  them,  as  A,  measure  a  course  A  2, 
of  a  convenient  length  in  the  direction  toward 
Of  and  take  the  bearing  with  the  compass. 
At  2,  take  the  bearing  of  a  second  course,  and 
measure  the  di^timce  to  3,  At  3,  take  a  third 
bearing  and  measure  to  4.  At  4,  take  the  l>eanng  to  C,  and 
measure  the  distance  from  4  to  (Z 

Then,  the  difference  between  tbe  sum  of  the  northings  and 
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snm  of  the  southings  will  be  denoted  hj  AB ;  and  the 
renee  between  the  snm  of  the  eastings  and  the  snm  of  the 
ings,  by  BC.  The  base  AS,  and  the  perpendicular  BC  of 
right-angled  triangle  ABC,  are  then  known.  The  angle 
16  base,  BAC,  is  the  bearing  from  A  to  C;  ot  the  equal 
nate  angle  at  C  is  the  bearing  from  C  to  A,  and  the 
»thennse  AC,  is  the  distance. 

laving  measured  the  bearings  and  courses    on  the    field, 
a  table,  and  find  the  base  and  perpendicular  of  the  right- 
ed triangle,  in  numbers ;  after  which,  find  the  bearing  and 


nee. 


>n8. 

Bearings. 

DiatracM. 

N. 

8. 

B. 

w. 

N  61°  W 

40  ch. 

19.  .30 

34.98 

N42°  W 

41. 

30.47 

27.43 

N12°E 

16.10 

15.75 

3.35 

N47°E 

32.50 

22.16 

23.77 

AB  = 

=  87.77 

27.12 

62.41 

27.12 


CB  =  35.29  ch. 


To  find  the  angle  BAC,  or  the  bearing  from  A  to  C. 

r 

Radius  :  tan  ^   : :  AB  :  BC, 

AB  :  BC      ::  B     :  tan  ^  ; 

t  is,  applying  logarithms, 

a.  c)  log  ^5  (87.77) 8.056654 

log  jBC  (36.29) 1.647652 

log  i? 10^ 

log  tan  ^  2r  64' 12" 9.604306 


Ileijcp,  the  bearing  and  tlistance  are  both  fonnd.  ■ 

KoTE.^Had  iiiiv  of  fcb(?  courses  run  Bonth,  A  B  waul]  liare  I 
been  of|UHl  to  the  .sum  of  the  northings,  minus  the  sum  rf  I 
the  Bouthingd.  i 

141.  TUo   kst   problem   affords   aa  easy  method  of  finding 
the  bearing  and  length  of  one  of  the  conrses  of  a  survey,  yih^^  J 
the  bearings  and  lengths  of  :UI  the  others  are  known.    It  Ql^H 
be  necessary  to  use  this  method  when  there  are  obstacle!*  wliicil^ 
prevent  the  measuring  of  a  eourse,  or  si  lien  the  bearing  c:mn**^ 
be  taken.     Indeed,  two  omL^sions  may  iu  general  he  supphed  by 
caleulation.     It  is  far  l>etter,  if  jio8aihJ%tu  take  all  the  notes  ^ 
the  fiekl,  and  it  is  neeessary  to  do  so,  if  aceuraey  is  reqiiir*?**' 
For,  when  any  of  them  are  supplied  by  ealcnlation,  there  t»^ 
no  tests  by  which   the  aceiintey  of  the  work  can  be  ascertaine«i' 
and  all  the  errors  of  the  note^s  affect  also  the  parts  whieb  a^ 
supplied. 

If  necessary,  however,  the  following  omissions  in  the  fielJ^ 
notes  may  be  supplied  by  calculation,  viz : 
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L  The  beaiing  and  the  length  of  one  course. 
142.   The  following  are  the  field-notes  of  a  survey: 


StaUons. 

Bearings. 

Dislaoccs. 

A 

Neo"  W 

9.72  cb. 

B 

N  17i°  E 

7.65 

C 

N  15}°  W 

9.40 

D 

N63}°B 

10.43 

'          E 

S  49°    E 

8.12 

1          ^ 

S  13i°  E 

8.45 

G 

S  16}°  E 

6.44 

H 

With  the  known  bearings  and  distances,  fiud  the  correspond- 
ing latitudes  and  departures,  as  in  annexed  table : 


Stations. 

Bearing^. 

Distances. 

N. 

4.86 

s. 

E. 

w. 

8.41 

A 

NC0°    W 

9.72 

B 

1 

N  17i°  E 

7.65 

7.31 

2.27 

1    « 
1    » 

N  1.5f°  W 
N  63}°  E 

9.40 

f^43 

8.12 

0.05 
4.61 

9.30 

2.55 

E 

S  49°    E 

5.33 

6.13 

F 

8  13i°  E 

8.45 

8.22 

1.98 

0 

S  16J°  E 

6.44 

6.17 

1.86 

H 

25.83 

19.72 

21.60 

10.96 

19.72 

10.96 

Deflei^nry       fill  1 0  f?i.        D-flclenejr 

la  Lai.  Soiuh.    ^- i-l  i ".  D*    |b  ©.p.  wit. 

The  latitade  of  the  course  HA  in  the  plot  (Fig,  75),  must. 
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therefore,  be  6.11,  and  its  departure  10.64 ;  hence,  in  the  right- 
angled  triangle  HP  Ay 

PA  =  6.11, 

iJP=  10.64; 

The  angle  PAH  =  angle  QHA, 

or  the  bearing  of  the  course  HA. 

Find  PAH,  as  in  preceding  ex- 
ample, thus, 

AP  \  PH  \\   72  :  tan  PAH\ 

that  is,  by  logarithms, 

(a.  c.)  log  AP  (6.11)  =  9.213959 

log  P^  (10.64)  =  1.026942 

logjf?  =  10. 

log  tan  P^^  =  10.240901 


Hence,  PAH  is  60''  8',  and  since  the  deficiencies  were  in  south 
lat,  and  west  dep.,  the  bearing  of  HA  is  S.  60"*  8'  W. 

To  find  the  length  of  the  course,  we  have, 

sinP^J?:  R  ::   PjOgKi ; 

that  is,  by  logarithms, 

(a.  c.)  log  sin  P^J3'(60°  8')  =     0.061887 
logiZ  =  10. 

log  PH  =     1.026942 

log  HA  =     1.088829 

Hence,  HA  =  12.27  eh.,  which  is  the  length  of  the  required 
course,  HA. 
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1.    In  a  survey  we  have  the  following  notes : 


StatloDs. 

Besrlnga. 

Dtrnmces. 

A 

N  ZH"  W 

10  ch. 

B 

N62i"E 

9.25 

C 

D 

S  45^°  W 

10.40 

What  is  the  bearing  and  distance  from  station  C  to  D  ? 

(  Bearing,  8  38"  52'  E. 
'  I  Distance,         7.03  ch. 


2.  In  a  survey  we  have  the  following  notes : 


StatloDm 

BearinK». 

Dlatancea. 

A 

S  40i°  E 

31.80  ch. 

B 

N54°    E 

2.08 

C 

D 

N  28}°  E 

35.35 

E 

N57°    W 

21.10               ; 

F 

S  47°    W 

31.30              1 

1 

What  is  the  bearin 


m 


listance  from  C  to  D  ? 

i  Bearing,  N  34°  47'  E. 
^'  (  Distance,  2.19  ch. 


[L  The  bearing  of  one  course  and  the  length  of  another,  when 
the  courses. are  (1)  contiguous;  (2)  separated. 

143.  First. — ^Example  when  the  courses  are  contiguous.  In 
•Ig.  75,  let  the  bearing  of  DE  and  the  length  of  EF  be  required, 
be  bearings  and  lengths  of  the  other  courses  being  known. 


BOOK  in. 


Aa  before,  find  latitudes  aiid  departures  for  known  bearinga 
and  distances,  obtaining  annexed  table: 


Sladonii. 

BMiiiiigt>t 

Dlftaneea. 

N. 

&. 

B. 

w. 

A 

N  60"      W 

9.72 

4.86 

8.41 

B 

Nl7r    E 

7.65 

7.31 

2.27 

C 

N  15f°    W 

0,40 

9.05 

2.59 

D 

10.43 

• 

R 

S  40"     E 

F 

S  13i°    E 

8.45 

8.22 

1.98 

0 

S  ICJ"    E 

G.44 

6.17 

1.86 

n 

8  6t)°  8'  W 

12/27 

6.11 

10.  C4 

Draw  a  lino  DF  and  find  the  bearing  and  the  length  of  D 
in  the  plot  ABGDFGFL  m  in  Art  142.     The  lenn^th  will  1 
found  to  be  15.500>  and  the  be^ng  87''  20'  19"  ;  the  angle  DFt 
is  then  eqotd  to  87°  20'  19''-^4a°  (the  bearing  of  EF)  —  38' 
19'';  then  in  the  triangle  i)^;^;  the  sides  />£' (10.43),  and  Dl 
(15.50<]),  iind  tlie  tniglc  DFE  {m""  20'  19")  are  known,  and  th( 
angle  DEF  will  be  tuund  from  the  pro])ortionj 


BE  :  DF  ::   sin  DFE  :  sin  DEF 


to  be  equal  to  112'"  45' ;  hence,  the 
=  *i3  ■  45'.  The  length  of  the  cou 
proportion, 


4 


otDEk  112^45'— 
will  be  found  fruin  thfl 


sin  DFE(ZH''  20'  19")  :  sin  /TO^  (28°  54' 41'')  ::  i>^(10.43)  :  Ef 

to  be  eqtal  to  8.12. 

Note — In  finding  the  angle  J)EF  donht  arises  as  to  th< 
proper  migli-,  corrcs} bonding  to  the  logarithmic  sine,  to  be  taken 
DEF  may  be  either  07  15',  or  112'  45'  {see  Art.  39);  and  hen 
the  bearing  of  DE  may  be   either   18°   15,  or  Oa**  45',  withoui 


instead  of  2 

.  determined 

em  DFE 


sin  FOE 


will  be  16.19,  instead  of  8.12^  wiilioiit  affecting  the  given  bearintr. 
When  the  leogth  of  the  side  Eh\  whn&e  bearing  is  required,  ia 
not  greater  than  that  of  the  auxiliary  line  DF^  the  metbod  giveji 
is  of  no  service,  anlesH  some  independent  means  exist  of 
determining  which  of  the  two  posisible  solutions  is  the  one  to  be 
taken. 

The  following  are  the  notes  of  a  survey: 


StttmBf. 

Beartnj^. 

Df^taoceB, 

A 

North 

12.84  ch. 

B 

N  32^  E 

17.82 

C 

N80"E 

24. 

D 

S  48^  E 

27. 

E 

8  18'  W 

F 

4C.21^ 

I 


Required  the  length^H||  course  EF,  and  the  bearing  of  the 
course  FA.  ^^^ 

Length  uf  EF  =  28.G0. 
Bearing  of  FA  =  N  73"  m'  21"  W. 

144.  Second. ^Example  wIk'u  ttie  courses  are  separated,  in 
Fig.  75  let  the  bearing  of  AB  and  the  length  of  DE  be  unknown. 

From  Bf  Fig.  76,  one  extremity  of  the  course  whose  bearing 
is  unknown,  draw  BP  parallel  and  equal  to  DE,  whose  length  is 
required.  Draw  then  PQ  and  QE,  equal  and  parallel  io  BO  and 
CD,  respectively ;  and  draw  Pi.     The  lengths  and  bearings  of 
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the  courses  PQ  and  QE  are  the  same 

as  those  of  BC  aud  CD,  respectively ; 

hence,  in  the  tigiirc  J  FQEFGH  the 

lengths  iinti  beurhig:^  of  all  the  courses 

except  AF  'AW  kno^vu;  aud  the  length 

and  bearing  of  AP  may  be  found  as 

in  Art*  142.      Then  in   the  triangle 

APB,  the  length  of  AP  mA  AB  are 

knowiijand  the  angle  APB  (which  i^ 

the  sum  or  difference  of  the  bearings 

of  BP  and  AP)\  hence,  as  in  Art.  143. 

the  length  of  BP  or  it^  ef|oal  DE,  luid  the  bearing  of  .1^  may  bt^ 

found.     (Gillespie's  Land  Surveying,  p,  "209),     The  same  donirt 

as    to  the    proper   sohiiioti    exists    here,    as    in    the  prsrioiu 

example. 

11 L  The  bearings  of  two  coarses  when  they  are  (1)  contigQOOi; 

(2)  separated. 

145.  First. — Example  when  they  are  contiguous.  In  Fig. 
75,  let  the  tjearings  of  DE  and  EF  be  un known.  Draw  a  line 
from  D  to  F  and  find  its  length  and  bearing  from  the  latitute 
nnd  deimrtures  of  the  other  courses  afi^iue.  Then  in  the  triangle 
DEF  the  three  sides  are  known  and ^^^Be  angles  may  be  foTrnJ 
ai  in  Article  41.  From  the  angle  JMRnd  the  bearing  of  DFi 
tlie  hearing  of  DE  may  be  found;  jmd  from  the  angle  EFD^i 
tlie  bearing  of  DF,  the  bearing  of  EFnmy  be  found* 


I 


146.  Second. — Example  when  the  courses  are  separated. 
AB  and  DE,  Pig.  75,  be  the  courses  who.se  bearings  are  on- 
known*  Assume  the  figure  as  in  Fig.  76.  Then  the  hfarlTig 
and  length  of  AP  may  Ik*  found  as  before.  In  the  triangle  APBt 
all  the  Bidei?  are  knoB'n  and  the  angles  may  be  found  as  in  tfct 
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preceding  article.  Then  the  bearing  of  BPy  or  its  parallel  DEy 
may  be  foand  from  the  angle  BPA  and  the  bearing  of  PA  ;  and 
the  bearing  of  ABy  from  the  angle  PAB  and  the  bearing  of  ^P 
(Gillespie's  Land  Surveying). 

IV.  The  lengths  of  two  counes. 

147.*  Let  A  =  bearing  of  the  first 
unmeasured  course,  FQj  of  the  survey. 

B  =  bearing  of  the  second  course, 
OH. 

C  =  angle  between  the  courses. 

L  =  total  latitude,  and 

D  =  total  departure  of  the  two  un- 
measured coul'ses,  obtained  by  comput- 
ing the  total  latitudes  and  total  departures .  fio  77. 
of  the  measured  courses,  HK  to  PF,  as  in  Art.  142. 

Let  X  =  length  of  the  first  course. 

y  =  length  of  the  second  course. 

We  shall  then  have, 

L  =  (lat  ic+lat  y)  =  a;  cos  A  +y  cos  B, 
D  =  (dep.  x^^p.  y)  =  x  sin  A  +y  sin  B, 


Multiply  (2)  by 


-ji 


D  Qoi  B  zzzxAn  A  cot  B-\-y  cos  B. 

Snl^xaot  (3)  from  (1)  and  solve  with  regard  to  or, 

i— O  cot  B 

^  cos  -4— sin  A  cot  B 

Multiply  both  numerator  and  denominator  by  sin  By 


(1) 

(3) 


•  PMC  H.  8.  Xmiroe,  B.M.,  Ph.D.,  and  J.  Woodbrldg*  DatU.  C.E.,  Ph.D.,  In  "  School  of 
Qpftrtorly,**  Ibr  Norember,  1881. 
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X  = 


8in(J— ^)       ' 

or,  substituting  for  sin  (A — B)  its  value, 

L  sin  B-^D  cos  B 
sin  C 

In  like  manner  we  have, 

D  cos  A  —  L  sin  A 


y 


sin  C 


w 


(5) 


By  taking  into  account  the  signs  of  the  different  quantitiefl, 
the  above  formulas  (4)  and  (5)  will  solve  any  case  that  may 
arise,  not  only  when  the  unmeasured  sides  are  contiguous,  as  in 
tlie  figure,  but  any  two  sides  of  the  polygon,  e,g,y  sides /W 
and  ON,  provided  only  that  the  courses  are  not  parallel,  or 
nearly  so,  as  FG  and  MN. 

The  following  table  gives  the  proper  signs  in  a  courenient 
form  for  reference: 


SlijnM  of  L.  and  D. 

Signs  of  fhnctioni)  of  A.  and  B. 

I^at.  N. ;  L.  is  -f . 

N.E.  bearing;  sin  -f,  cos  +. 

Dep.  E.;  D.  is  +. 

S.E.  bearing;  sin  -f ,  cos  — . 

Lilt.  S.;  L.  is  — . 

S.W.  b6[|B|;  sin  — ,  cos  -. 

Dep.  W. ;  D.  is  -. 

N.W.  bfll^;  sin  — ,  cos  +. 

To  find  value  of  C. 

(7  =  (^—5)  if  courses  are  in  same  or  in  opposite  quadran** 
(7=  (A-\-B)  if  the  courses  are  in  adjacent  north  or  adjac^** 

south  quadrants. 

(7=  180°— (^  +  B)  if  courses  are  in  adjacent  east  quadrrf* 

or  adjacent  west  quadrants. 
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EXAMPLE. 


Sta. 

Bearings. 

• 

Dkt. 

48  ch. 

Latitude. 

Departure. 

N.       1        S. 

E.       1      W. 

A 

East 

• 

48.00  1 

B 

N.  TH°E. 

5.18 

1.64 

4.91 

C 

S.   13i°  E. 

34. 

33.13 

7.65 

D 

South. 

12. 

12.00 

E 

S.  89'  10'  W.  (A) 

{') 

F 

N.  80°20'K  {B) 

(y) 

60.50 

1.64 

45.13 

L  =  +43.49     D  =  —60.56 

From  the  above  table  we  find  that,  in  order  to  balance  the 
latitude  and  departure  columns,  the  total  latitude  of  the  two 
unknown  courses  must  be  43.49  North,  and  the  total  depaiture 
60.56  West.     Substituting  in  the  formulas, 

43.49  X  sin  80°  20' +  60. 56  x  cos  80°  20' 


X  = 


sin  8°  50'  ' 

_  60.56  X  cos  89°  10' +  43.49  x  sin  89°  10' 
^  ^  sin  8°  50' 

Solving,  X  =  345.41 ;  y  =  288.91. 

As  a  check,  the  latikides  and  departures  of  the  two  sides 
should  be  computed,  aiKinie  survey  closed  as  below. 


Lstitade. 

Departure. 

Stations 

Bearings. 

Dist, 

N. 

s. 

E. 

w. 

A 

East. 

48. 

48.00 

B 

N.  71J°  R 

5.18 

1.64 

4.91 

c    . 

S.  13i"  E. 

34. 

33.13 

7.65 

D 

South. 

12. 

12.00 

E 

S.  89°  10'  W. 

345.41 

5.02 

345.37 

F 

N.  80°  20'  E. 

288.91 

48.51 

284.81 

50.15 

50.15 

345.37 

345.37 
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SMtlons. 

Bcadnpi.                 f              BtBtincw. 

A 

Korth. 

7.81  eiu 

B 

a  vfii^'E. 

C 

s.  10^  ^r  w. 

28.42 

D 

N.  84i"  W. 

27.12 

E 

K.    H^  W. 

F 

Ejist, 

16.68 

Eequired  the  distauce  from  ^  to  C  and  from  B  to  K 

Bio  Cy  17.87;  jE'toF,  21.82. 

148.   Another  Method  of  BetenEining  Areaa.*" 

The  area  of  any  rigUt-line  figure  may  be  dceomposed  iuto  a 
series  of  right  trapezoids  and  triangles  by  letting  Tall  from  the 
vertices  perpendiculars  to  any  tixed  straight  line,  called  the  J 
Base* 

The  triangles  may  be  considered  tnipezoids  having 
parallel  side  reduced  to  zero.  Some  of  the  tnipezoids  may 
snbtraciive ;  bnfc  we  may  say  that  the  algebmic  sum  of 
trapezoids  composing  the  series  is  the  ay^a  of  the.  figure.  If  tbo  I 
figure  be  bonnded  by  a  continuous  or  a  broken  curve*  its  area  \%A 
approximafehf,  erjual  to  tliat  of  a  right-line  figui'e  whose  verticei| 
are  contained  in  the  curve*  By  properly  locating  these  verriees,] 
we  may  approximate  the  area  as  closely  as  may  be  required. 

Area  of  a  Series  of  Right  Trapezoids* 

Before  deducing  the  necessary  rules,  a  few  preliminary  defini- 
tions will  be  given. 

•  J.  Woodbrldge  l^vlt.  C.  S.,  Ph.  B.  ISm 
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B 


A' 


Y 


The  position  of  points  in  a  plane  may  be  fixed  by  referring 
them  to  two  intersecting  straight  lines  of  the  plane.  The  two 
intersecting  lines  are  called  Coordinate  Axes. 

Thus,  let  XJT  and   YY' 
intersect  at  A  ;    the  position  y' 

of  the  point  P  is  known  when 
RP,  its  distance  from  YY'  on 

a  line  parallel   to    XIT,  and     X li :t X' 

QP,  its  distance  from  XJT  on 
a  line  parallel  to  YY,  are 
known.  BP,  or  its  equal 
AQ,  is  called  the  Abscissa 
of  the  point  P;  and  QP,  or  its  equal  AR,  is  called  the 
Ordinate  of  P.  AQ  and  QP  together^  are  called  the  Co- 
ordinates of  P.  The  point  A,  in  which  XT'  and  YY 
intersect,  is  called  the  Origin  of  Coordinates.  When  XJT 
and  YY  are  perpendicular  to  each  other,  as  is  most  convenient, 
the  coordinates  of  points  referred  to  tliem  are  called  Hectangn- 
lar  Coordinates. 

Consider  any  series  of  five 
right  trapezoids  lying  consecutive, 
with  their  bases  on  one  straight 
line.  The  area  of  the  series, 
as  found  by  ordinary  method, 
the  symbols  of  Fig.  79  used,  is 

i[A(a+*)+(A-A)(i+^)  +  (A-A)(^+rf)  +  (A-A) 

(rf+6)  +  (Z>-A)(^+/)].  (1) 

This  may  be  transformed  into 

i[D^{a^c)  +D,{b^d)  +  A(^^«)  +  A(d-/)  +  D{e+f)].    (2) 
From  this  is  derived  the  following  rule,  which  is  true,  at  1< 


Dt 

c 

d 

€ 

J 

=^^ 

P*.::i^::.::::::r 

u  ••• 
Fifl.  1 

«. 
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for  aBj  series  of  five  right  trapezoids  arrangied  as  in  Fig.  WL 
For  coDvenienco  let  this  be  called  Eule  A. 

Rule  A.^ — To  find  the  area  bounded  partly  by  any  broken 
line«  determined  from  a  ba^  line  by  meaiis  of  rectangukr 
ordmatcs,  and  otherwise  bounded  by  the  base  line  and  terminal 
ordinates : 

MidUplif  the  distance  of  each  interniediate  ordinate 
front  the  first  by  ihe  difference  hetireea  the  tivo  adjacent 
ordinates,  always  subtracting  the  following  fronv  the  pre- 
ceding in  order  along  the  broken  line.  Al^o,  jnidtiply 
distance  of  last  ordinate  from  first  by  tJte  sum  of  lusi 
two  ordlThates.     Divide  the  sum  of  these  products  hij  2, 

If  this  rule  apply  to  a  series  of  n  trapezoids,  its  area  is 

I  [A  (a-c)  +  A  {h-d)  +  etc.  +  D^_,  {i^ic)  +  Z),  U+^)\  (») 

Add   another   trapezoid   t^  the   latter  end  of  this  series.    Its 
area  is 

Add  this  to  (3).     The  result  is  the  area  of  a  series  of  fi+1 
trapezoids,  and  is  expressed  by  the  following : 

Therefore,  the  rule  applies  to  a  aeries  of  n^\  trapezoids. 

If  from  the  series  of  n  trapezoids  the  last  trapezoid^  vboae 
area  is 

t(z>.-A-,)a+i), 

be  subtracted,  the  area  of  the  roraaining  series  of  ft  —  1  trapeiord* 
is  the  following  \ 

\  [A  {a-€)  +  A  (h-d)  +  etc,  +  A^.  ('+/)]• 

ierefore,  the  rule  applies  to  a  series  of  »— 1  trapezoids 


It  is  certain  that  the  rule  applies  to  a  series  of  five  trapezoids. 

-     Let  n  =  6.     Then  ?i  +  l  =  6,  and  ?*— 1  =  4.     Consequently,  the 

B  Tule  applies  to  a  series  of  six  trapezoids,  and  to  a  series  of  four. 

For  this  reason  it  applies  to  aeries  of  three  and  seven  trapezoids, 

I  and  so  on.  Because  a  series  containing  any  number  of  trape- 
loids  may  he  found  by  continually  adding,  or  subtracting,  one 
trapezoid  to,  or  from,  a  series  of  five,  and  because  the  application 
of  the  rule  is  not  affected  by  each  such  operation,  it  follows 
that  Bale  A  applies  to  a  series  consisting  of  any  number  of 
trapezoids. 

If  that  portion  of  the  broken  line  wliicli  forms  the  upper  side 
It      of  tlie  laat  tra{>ezoid  be  perpendicular  to  base,  whether  directed 
H towards  it  or  from  it,  the  area  of  the  last  trapezoid  is  zero. 
^  But  expression  (4),  which  represents  this  area,  is  zero.     There- 
fore the  rule  conforms  to  this  case.    If  the  last  portion  of  broken 
line  be  retrogressive,  as  shown  in 
Fig,    80,  where  the  line   termi- 
^■bates   at    K^,   or    K4,   the  last 
trapezoid  must  be  subtracted  in 
^worder  that  the  required    arm — 
J^Btiw^en    broken    line    and    base 

Umiied  by  terminal  ordinate^ — may  be  obtained.     But  in  this 
se  expression  (4)  is  intrinsically  negative,  and  therefore  should, 
^before,  be  algebraically  added  to  the  preceding  area*    Hence 
mle  conforms  to  this  case* 

The  statements  of  last  paragraph  are  true,  whatever  the 
number  of  trapezoids  in  the  series;  even  should  the  trapezoid 
added  compose,  alone,  the  series.  In  conseqnenee,  since  every 
possible  broken  line  is  some  succession  of  progressive,  retro- 
gressive, and  perjiendicnlar  elements,  and  because  the  addition  of 
each  element  and  its  accompanying  trapezoid  does  not  affect  the 
H^le,  rule  A,  or  formula  (3),  is  i^erfectly  general,  whatever  may 
be  the  complication  of  the  broken  line. 


Fia.  80. 
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Example, — Let  it  be  required  to  determine  the  area  of  a  tract 
of  land  whose  descriptian  is  as  follows: 

Beginoiiiij  at  a  poplar  on  tht  south  bank  of  the  Cumberbod 
river;  thence  south  31  poles  to  a  stone  monument;  thence »st 
180  poles  to  a  beech  ;  thence  north  40  poles  to  a  sycamore  on  the 
bank  of  said  river  ;  thence,  with  the  meanderings  of  the  same^to 
the  beginning. 

It  was  found  convenient  to  determine  the  irregular  boundan 
by  means  of  offsets  from  the  long  straiglit  side.  The  positions 
and  lengths  of  these  ofifriets  are  recorded  in  the  first  two  colnmos 
below.  To  obtain  the  area  by  Rule  A,  a  third  column  of  alternate 
differences  is  obtained  ;  and  in  the  fourth  column  are  placed  the 
piTuluets  of  correspouding  quimtitiea  in  fiirst  and  third  columBfii 
half  the  algebraic  fcsum  is  the  area. 


DbUnce*. 

Offeeti>. 

Omronoea. 

IT'OQDOHf 

0 

31 

1& 

30 

—  8 

—  120 

45 

39 

-12 

-540 

77 

42 

0 

0 

86 

39 

-2 

-172 

lis 

44 

3 

339 

1« 

se 

4 

C44 

180 

40 

76 

13C80 

Square  rods 


14063 
-832 
2 ) 13831 
69151 


The  advantages  of  this  method  of  calculation  Bjre  readily  j^er- 
fived  by  m^pectiuii  of  tia*  above  exaraplo,  where  every  product 

Except  the  last,  i&  found  by  mental  work.     To  illu^tnite  this 
ore  forcibly,  let  us  tiuppose  the  base   line  to  be  moved,  for 

nstanecs   2058   poles  directly   south.      Now,  all    the    i»rodiicts 

except  the  last  remain  as  simple,  in  fact   tlie  same,  as  before, 

while  the  last  only  is  increased » 

The  old  method  of  calculation   would   now    require  every 

product  to  be  increased. 

If,  to  tuid  the  area  of  an  irregular  figure,  panillel  cross 
loeasurement^  l»e  made  at  appropriate  places*  intersecting  a  given 
bise  line  at  known  points,  the  figure  may  be  considered  a  series 
of  trapezoids.  If  the  base  hue  be  perpend icnlar  to  the  direction 
of  cro?8-measurement^,  R«4e  A  obviously  applies*  If  tlie  base 
line  be  inclined  to  the  cn^s  lines,  Jiftle  A  maij  be  a/fpUed, 
M  thf  fimd  rrsuU  mmt  be  muUiplied  by  the  sine  of  ike  angle  of 
indinaiion* 

EXAMPLES. 

1.  Wallace  Colyar  agrees  to  sell  to  James  Beck  with  at  ninety 
1  Ilurs  |)er  acre,  a  piecy  of  unimproved  bottom  htnd,  lying 
bctwc^en  the  west  bank  of  the  Delaware  river  and  the  toot  of  tlie 
Jwljatient  bill.     The  description  of  the  survey  is  as  lullows  i 

Bc5:iuuing  at  a  willow  on  the  west  bank  of  Delaware  river, 
iiiis  being  the  northeast  corner  of  Henry  Gillespie's  home  phicc; 
rtifnce  with  the  raeanderings  of  the  bauk  of  the  river — [nnmenuis 
courses  here  omitted  1 — to  a  white  oak,  the  corner  <jf  James  Beck- 
flfith'slaud  :  tbeuce  west  with  his  south  buimdury  to  a  *<pring  at 
».he  foot  of  the  hitl ;  thence  meandering  with  tlie  foot  of  tlie  hill— 
[unuuTous  courses  omitted]— to  a  black  wahmtt  Henry  Gillespie's 
northwvst  comer;  thence,  with  his  line  east  to  the  Ix'ginning. 
Thpeaatand  west  being  si nuoos^i  but  unchangeable  natural  bonnd- 
•^n%  it  is  only  re<|uired  to  determine,  its  easily  and  accurately  aa 
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poflsible,  the  area.  Accord! ogly,  a  line  is  run  due  north  tbroQgii 
the  land  and  cross- widths  are  taken  at  right  angles.  The 
distances  on  base  line  and  the  lengths  of  cross  lines  are  reoordd 
in  the  cohimos  below.  It  is  required  to  find  the  area  in  acre? 
and  the  sum  in  dollars  to  be  paid  for  the  strips  of  land. 


DUIsnccs. 

WldtlM. 

0 

38  rods. 

19 

29 

40 

32 

78 

86 

111 

51 

146 

45 

173 

40 

SOO 

44 

aas 

SO 

254 

65 

290 

68 

337 

43 

Ans,  94.05625  acres ;  $3465.06. 

2.  Caleb  Hopkins  employs  pJolm  Bryant  to  cut  and  bun 
the  underbrush  in  an  irregular  piece  of  hilly  woodlandi  ^ 
one  dollar  and  a  half  \^t  acre,  the  agreement  being  th»t 
the  chain  shall  be  allowed  to  n?st  npon  the  surfaee  throiigb- 
out  its  length,   and   not    be   stretched    horizontally. 

A  base  line  was  run  N.  20''  W.  through  the  land,  and  crofll^ 
measurements  were  taken  in  directions  due  east  and  west, 
distances  in   base  line  and   the   length s  of  cross  lines 
followHi : 


SEC.   IV.] 
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Dtataooes. 

Widttu. 

0 

Orods. 

10 

19 

26 

41 

55 

49 

78 

62 

106 

61 

129 

50 

153 

65 

175 

39 

180 

45 

194 

31 

209 

0 

To  find  the  Area  of  a  Polygon. 

It  has  been  proved  that  Rule  A  is  trne  for  any  scries  of 
trapezoids,  whatever  may  be  the  complication  of  the  broken 
line  which  forms  the  upper  sides  of  the  right  trapezoids  ;  there- 
fore the  rule  is  true  when  the  broken  line  returns  to  its  point  of 
beginning.  But  in  this  case  the  area  required  as  the  nile  is  the 
area  enclosed  by  the  broken  line  itself,  or  is  the  area  of  any 
polygon.  Now  jD,  the  distance  between  first  and  last  ordinates, 
becomes  zero,  causing  the  only  term, 
which  depends  upon  a  sum  of  two 
ordinates  for  one  factor,  to  disappear. 

To  treat  this  case  in  the  most  gen- 
eral way,  suppose  B,  G,  D,  E,  F  (Fig. 
81),  to  be  points  anywhere   situated 
in  a  plane,  and  referred  in  position  by  rectangular  co-ordinates 
to  any  point  ^  in  same  plane;   and  suppose  points  to  be  con- 


/ 
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nected  ia  the  order  named  by  a  broken  litie,  ending  again  at  A 
Let  the  onliiiatps  of  the  points  be  denoted  by  a^  b,  r,  c/,  f,/,  gri 
the  abscissas  bj  a,  b\  c\  d\  e\  f*  Connect  the  origin  bj  i 
straight  line  with  any  of  the  points,  as  J5.  Then  the  area^f 
the  polygon  ABCDEFBA^  which  is  equal  to  the  area  of  tk 
polygon  BCDEFB,  is  by  Rule  A, 

I  I IV  (a-c)Jtc  {t-d)^d'  {c-e)+e'  {d-f)  +f  (e^b)^ 

F^pom  e] 


^  h  t*'  {/-  ^)  +  ^'  (*  -  ef)  +  /  (c-e)  +  e'  {d  ^  b) 

+  f{^-m  (0) 


Dm  expressions  (6)  (7)  can  be  framed  the  following  mle : 

Rule  B, — ^To  find  the  ai^a  of  any  pulygon  whose  vertices  are 
fixed  by  rectangnlar  co-ordinate  measurements: 

MaUiplij  the  abscissa  of  each  verte,v  by  the  differtn^ 
befween  the  ordinate^  of  the  tivo  adjacent  vertices i  '"'* 
multiply  the  onUfiate  of  each  vrrfex  bij  the  difftrtncf 
between  the  abscissas  a f  the  t fro  adjacent  vertices ;  tdway^ 
jHitking  the  sfMrartio/i  iu>  the  same  direction  avow 
the  polygon.  Half  the  suni'  of  these  products  is 
area. 

It  the  origin  be  placed  at  a  vertex^  one  term  vanishes  whiel 
ever  way  ttie  nile  ig  used.  If  one  of  the  co-ordinate  axes! 
pa&sed  ih rough  two  vertices,  two  ternus  vanjsh,  when  the  ruta 

ii4.^il  nno  WAV  ^^^I^B 
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The  determination  of  the  are^s  of  polygons  k  a  problem  of 
uent  occnrrence  in  all  bmnchea  of  etiginoering  and  many 
er  professions.  Rule  B  is  invariably  simpler  than  the 
iuary  formula  for  this  case,  and  is  therefore  presented  above 
ihti  most  general  kTms*  If  for  words,  ahcimsa,  ordinate, 
Wttx,  \n  Rule  B,  be  substituted  longitude,  htHiude,  gtaiion, 
i§t  rule  applies  technically  to  the  case  of  land  sorveys. 


Example.— Recently  a  survey  of  a  tract  of  one  hundred  and 
Huare  miles  of  coal  laud  in  Tennessee  was  made  on  tbe  co-ordi 
mtem  ;  that  is,  every  corner  of  the  old  grauta,  of  the  subsequent 
sales  out  of  them,  and  of  the  older  iwlverse  claims  within  tliem, 
tod  every  station  of  a  road  or  other  ti'a verse,  as  well  m  all 
important  points,  as  coal  mines,  outcro|)s,  bridges,  crossroads, 
•prings,  villages,  etc.,  etc.,  was  fixed  in  position  with  respect 
lo  an  assumed  point,  by  means  of  rectangidar  co-ortliuatea 
directed  due  north  and  east  Thus,  any  parci^l  of  land  could 
jbe  easily  plotted,  when  wauled,  iu  any  of  the  geological  or 
rther  maps ;  while  merely  a  glance  at  the  table  served  to 
indicate  its  pot?iHon  in  tlie  district.  When  the  arua  of  such  a 
piece  was  requiretl,  it  was  only  necessary  to  proceed  as  in  Uifl 
following  example: 


StAtion. 


A 

B 
C 

D 
E 


Total 
laciludc. 


7087  ft. 

10020 

8181 

r,oi2 

2873 


Total 


04851  ft. 

97403 
10136D 
103155 

98G04 


l'dtl^ttlKiC'4. 


^-1201 
-0518 
^5752 
+  2765 
^8304 


Double 


8511487 

— G53103C0 

—47057112 

13858180 

23857392 


Area  in  sq.  ft,  ^ 


60140413 
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If  the  latitudea  were  larger  than  hingittides,  differences  of 
latitudes  should  be  made  the  factors  with  total  lon^tudes. 

Note. — The  Mai  Miiude  of  a  station  with  i^espect  to  any 
assumed  point,  is  the  distance,  measured  on  a  meridian  through  the 
assumed  point,  from  the  point  to  the  foot  of  a  peri>eiidiculardrawii 
from  the  station  to  the  meridian  ;  and  the  total  longitude  is  the  dis^ 
tance  of  the  station  from  the  meridian  through  the  assumed  point 

To  End  the  area  of  a  polygon  iunreyed,  firom  the  field  aotei 
of  the  bearings  and  distances  of  its  sides. 
Alter  finding  the  latitude  and  departure  of  each  course  and 
balancing  the  survey,  as  already  explained,  make  a  column  of 
total  latitudea  of  the  various  stations  referred  to  any  une  of  them 
as  origin.  This  selection  of  origin  reduces  one  double  area 
product  to  zero.  Now,  instead  of  calculating  the  total  longituti^a 
of  all  stations  aud  finding  the  differences  between  alternate  ones, 
according  to  Rule  B  in  formula  (7),  we  may  obtain  the  sarnie 
result  in  simpler  manner  by  adding  tlic  departures  of  each  |»ir 
of  adjacent  courses*  Modified  iu  this  way  the  operation  becomes 
governed  by  the  following  rule : 

Rile  Q.—MuUtphj  the  total  latitude  of  each  stafuui 
by  ihs  Mtitt'  of  the  departures  of  the  two  adjacent  coarm 
The  algebraic  half  sum  of  these  prodncts  is  the  area. 
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To  find  the  Mai  lalUude  of  each  station,  luld  to  total  latitude 
of  preceding  station  the  latitude  of  preceding  course.  If  the 
latitude  of  last  station,  found  in  this  way,  be  erjual  to  the 
latitude  of  last  course  with  reversed  sign,  the  work  is  correct. 
However,  the  latitude  of  first  station,  or  station  taken  as  origin, 
is  always  zero;  of  last  station  it  is  always  the  latitude  of  last 
course  with  reversed  sign  ;  and  of  second  station  it  is  always  the 
latitude  of  first  course.  To  find  the  adjacent  dejmriures,  add  the 
departures  of  the  two  courses,  one  on  each  side  of  the  station. 


I 


SECTION     V. 

MAGNETIC    DECLINATION  OR  VARIATION  OF  THE 

NEEDLE 

The  following  articles,  140-164.  are  essentially,  and  so  far 
as  practicable  verbaUm^  from  papers  of  the  U.  S.  Coast  and 
Geodetic  Survey, 

149.  The  magnetic  declination  at  any  place  is  the  angle 
which  the  conipiij^s-needlc,  when  it  is  correctly  constructed  and 
freely  eus {Tended,  makes  with  the  true  meridian.  The  true 
meridian  is  fixed,  but  the  declination  varies  because  the  diree- 
tian  in  which  the  needle  points  is  in  a  continuous  state  of 
change.  Therefore,  Avhcnever  a  measure  of  the  declination  of 
the  needle  is  taken,  the  extict  time  (ye4ir,  day  of  months  and 
hour  of  the  observations)  shonld  be  recorded  as  well  as  the 
geographical  position  of  the  place,  or  its  latitude  and  longitude 
expressed  to  the  nearest  minutes  of  arc. 

150.  The  declination  is  called  **West'-  when  the  north  end 
of  the  needle  points  U>  the  west  of  the  true  meridian,  and  it  is 


a 


called  '*Ea5t"  when  the  uortli  end  uf  the  needle  puiuts  east  of 
the  true  meridian.  lu  order  to  give  an  idea  of  the  amount  of 
the  declination  iit  present  observable  within  the  limits  of  ttic 
United  fStates  we  iustiince  the  following  pLice8  at  or  near  which 
it  reaches  extreme  value,  which  are  given  to  the  nearest  whofe 
degree  (1878) : 

At  Esjstport,  Me,,  declination  18^  west 

At  the  mouth  of  the  Bio  Grande^  Texas,  8"^  east 

At  San  Diego,  CaL,  W  east. 

At  Sitka,  AUiska,  2^  east 

At  Fort  Yukon,  Alaska^  36""  east. 

151.  The  aceu racy  with  which  the  declinaHon  ma?  be  deter- 
minetl  depends  eliiefly  upon  the  instrumental  means,  but  aUti, 
and  iu  a  great  measure,  upon  the  cure  taken  in  the  use  of  the 
instruments  and  the  selection  of  the  proj^er  methixk  and  timfs 
for  observing. 

Omitting  any  detailed  notice  of  the  irregular  variiitioiis  to 
which,  the  magnetic  needle  is  siibjectj^  it  becomes  important  for 
the  pur{)oses  of  the  surveyor  to  refer  particularly  to  the  chtup* 
which  have  a  special  hearing  upon  hia  observations.  These  *r® 
the  tiaiij/  variation  and  the  secular  variation.  ' 

152.  The  Daily  Variation.— It  has  been  found  that  ft^ 
about  the  time  of  sunrise  the  north  end  of  the  needle  has  a  slo^ 
mntion  towards  the  east  which  soon  ceases.  Tfie  needle  is  th^'* 
said  to  be  at  its  ea*stern  elongation  ;  its  nortli  end  then  begins  ** 
retrograde  motion  towards  the  west,  and  at  about  one  o'clorfe 
in  the  afternoon  reaches  the  point  at  which  it  is  said  to  be  «^ 
it«  western  elongation,  after  which  it  again  turns  back  towards 
the  east. 

The  times  at  which  the  needle  reaehea  its  eastern  and 
western  elongations  vary   with   the  seasons  of  the  year  (with 
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the  sun's  declination),  happening  a  little  earlier  in  summer 
than  in  winter. 

The  angular  range  between  the  eastern  and  western  elonga- 
tions varies  also  with  the  season  of  the  year. 

The  average  position  of  the  needle  for  the  day  is  called  the 
mean  magnetic  meridian. 

At  about  six  o'clock  in  the  evening  (and  for  about  an  hour 
before  and  after),  throughout  the  year,  the  position  of  the  needle 
coincides  very  nearly  with  the  mean  magnetic  meridian,  and  this, 
therefore,  is  the  time  most  favorable  for  making  observations  to 
obtain  at  once  the  mean  declination. 

153.  For  reducing  the  direction  of  the  needle  observed  at 
other  hours  to  the  mean  magnetic  meridian  the  followiug  table  is 
furnished.  It  gives  to  the  nearest  minute  the  variations  of  the 
needle  from  its  average  position  during  the  day,  for  each  hour 
in  the  day  for  the  four  seasons  of  the  year. 

Table  for  reducing  the  observed  declination  to  the  mean  decli- 
nation of  the  day. 


The  nct'dlc  points  ia*t  of  the 

The  acedle  points  wcf  £  nf  the  mtmu  nmgncdc 
m«ridijin. 

A.M. 

A.M. 

A.M. 

A,M. 

AM. 

A.U. 

i 

RM 

P.M 

P.M. 

P.  MP.  If. 

1 

P.M. 

k. 

A. 

A. 

A, 

A. 

A 

1 

A, 

A. 

k. 

A.       A. 

A, 

Hodr 

e 

T 

S 

10 

11 

I 

Jl 

3 

4        9 

6 

/ 

f 

t 

/ 

r 

/ 

r 

i 

f 

# 

^ 

'Sprtfuj ..,.,, 

U     1 

4 

8 

I 

4 

6 

& 

4 

a   1  8 

! 

StitntDer  < , .  < 

4 

S 

S 

4 

fl 

4 

« 

n 

4 

3   1  a 

1 

AnttitaTV  .-* 

t 

S 

3 

$ 

8 

4 

a      ^ 

I        ;        1 

0 

Wloiefw-, 

1 

9 

i 

Q 

» 

& 

a      s       1       1 

1 

0 

154.  It  appears  from  observations  of  the  daily  fluctuation  of 
the  declination  that  the  mean  of    the    extreme    easterly  and 


westerly  positions  in  any  one  day  approaches  nearly  (within  liaU 
a  minut.^)  to  the  mean  position  of  the  day,  as  derived  from 
hourly  observ^atioiiH  continued  day  and  night.     Since  corrections 
to  observed  decliuatious  to  refer  them  to  the  mean  of  the  day  are 
generally  very  unsatisfactory,  it  is  recommended  to  observe  the 
declination  for  any  one  day  at  the  epochs  of  the  eastern  ma^etic 
elongation  and  of  the  western  magnetic  elongation  and  to  take 
the  mean  position  as  representing  the  declhiati*m   for  that  day. 
The  epoelvs  of  extreme  positions^  as  observed  at  Philadelpliifl, 
Wiishington,   and  Key  West,  apjily,   with   comparatively  small 
changes,  to  nearly  all  places  within  the  United  States  and  maj 
be  stated  to  be  as  follows:    Heferring  to  the  north  end  of  tlw 
mngnet,  the  morning  eamiern  elongation  occurs,  on  the  average, 
from   May  to  September,  incUisive,  about  ?^  a.m.;   in  March, 
April,  and  October,  about  8  a.m.;  in  November,  about  8J  A.K.i 
and  in  December,  January,  and  February,  about  9  a.m.;  earliest 
time  in  August,  about  7^- a.m.;  latest  in  January,  about  9  a* 55* 
These  epoehy,    however,   are  subject   to  great  fluctuations  aii^ 
cannot  be  di-^jx^nded  upon  in  any  one  case  within  one  hour  aa^ 
frequently  they  cannot  be  recognized  at  all,  either  on  account  O^ 
the  small  range  of  the  daily  fluctuation — the  amount  of  which  i^ 
winter  is  but  one-half*  nearly,  of  the  amount  in  summer— whicl^ 
is  easily  disguised   by   small    irregularities,   or    on    account  of 
disturbances,    which    reach    their    maxima  in    September  cni 
October,  and  generally  are  more  predominant  in  winter  thnn  m 
summer.      The    afternoon    wesffrn    elongation    occurs,  on  tlie 
average,  about  1|  p.m.   from   May  to  November,  iuehisive,  and 
about  Ij  P.M.  in  the  remaining  months;  also,  earliest  in  Septem- 
ber— some  minutes  before  1  p.m.— and  latest  in  January,  about 
1|  P.M.    The  afternoon  epoch  is  subject  to  less  fluctuation  than 
the  morning  epoch. 


155.  The  Secular  Variation  of  the  magnetic  decliBation 


on  J 
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a  sabject  of  the  great4?st  importance  to  surveyors.  It  mani- 
ftssts  itself  by  a  gradual  change  in  one  direction,  which  at  first 
Dcreases  slowly,  then  more  rapidly,  diminishing  again  after- 
«fard  until  the  needle  becomes  stationary  and  subsequently 
tetoms  by  similar  changes  to  its  former  position^  the  whole 
periml  extcnJing  over  nearly  two  and  a  liulf  centuries.  Thus, 
at  Phikdelphia  the  declination  was  8|'  west  in  KtK),  whence  it 
diminished  until  in  IBOO  it  reached  a  minimum  2M  (2°  Ti'), 
and  increased  ag.iin  to  f*\8  in  1880,  At  present  all  along 
the  Atlantic  and  Gulf  coasts  the  effect  of  the  secular  variation 
is  to  increase  west  declinations  or  to  decrease  east  declinations 
bj  from  2'  to  5\  hut  on  the  Pacific  coast  the  effect  is  opposite 
in  direction,  Tiz»,  increasing  east  declinations  by  from  V  to  3\ 
In  Alaska^  however,  there  are  indications  of  a  decrease  of  east 
declination,  ^H 

156.  Lying  between  the  region  in  which  tlic  vurialiou  of 
the  needle  is  west  and  that  in  which  such  variation  is  east, 
is  a  line  of  no  variation,  on  which  the  magnetic  meridian 
c<jincif!e8  with  the  true  meridian. 

The  north  (or  seeking]  end  of  the  needle  u!wuys  inclines 
Inward  the  line  nf  no  variation  :  hence,  for  all  points  eaifit  of 
this  line,  the  variation  is  West;  and  fur  oil  point*  west  of  it, 
the  variation  is  East, 

This  line  is  not  a  fixed  line,  Init  changes  its  position  from 
year  to  year.  By  referring  to  a  map,  sodi  line  for  the  United 
States  may  be  traced.  In  1870,  it  cros-^ed  Sault  St,  Mtu'ie  iit  the 
Iwerend  of  I^ake  Superior,  passed,  very  nearly,  through  Cleve- 
land in  the  State  of  Oliio,  Ridcigh  in  North  Carolina,  and 
puased  into  the  Athintic  Occau  near  Wilmington,  North  Caro- 
lina. In  1875,  it  crossed  I^ike  Superior  and  cutcred  Michigan 
at  White  Fish  Point,  ptissed  thence,  very  nearly,  through  Bay 
City  Michigan,    Oberlin    Oiiin,    Parkersburgh    West   Virginia, 
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thence,  with  a  slight  curve  to  the  southwest,  to  FajettcTJlle 
North  Carolina,  and  theuce  iiit^j  tiio  Atlantic  Ocean  a  httle 
tt>  the  wt^st  of  t'ape  Fear.  Tlie  Ymc  of  no  vuriutiun  is  now 
moving  quite  rapidly  to  the  south  and  west,  and  therefore  it 
U  that  n'est  deeli  nations  of  the  needle  are  increasing,  and  east 
declinations  decreasing^ 

157»  The  U.  S.  Coast  and  Geodetic  Survey  has  maile  a 
eollection  of  magnetic  decli nations  observed  at  varions  places  in 
the  United  States  and  elsewhere.  Mn  Charles  A.  Sehott,  chief 
of  the  Computing  Division  of  the  Survey,  has  tabula tetl  tbe 
observed  declinations,  and  deduced  from  them  a  Table  of  Fo^ 
muhe.  Tlii^  table  is  here  given  so  far  as  it  relates  to  localitiw 
in  the  United  States.  The  locaHties  are  armnged  geogi-nphicalljt 
as  far  as  |)ractieable,  and  their  positions  are  given  by  hitituileand 
longitude  (west  of  Greenwich), 


FormulfiB  expressing  the  magmetic  declination  at  various  placei 
in  tlie  United  States. 


ilflced 


LocAUty. 

LaHtnde, 

I^n^tndo. 

Exprr'R^lon  for  Mft:^eUc  Dcdltwuki*. 

ForMftTicl  Me......... 

o 

3S.8 

t 
IC  G 

liurlington,  Vl 

44 

ss.i 

73 

1«.3 

D  -  +10,81  +3.66  rid  (1.30  m—  m^ 
+  0.18  .111  tT.O  mttat). 

Rtitlntnl,  Vt... 

43 

36.fi 

n 

55.5 

D^  f  10  08  f  3  Si  tin  1 1,5   m-UMi- 

Porl»motttKN,H,,,. 

4B 

(M.8 

TO 

4S.0 

D= +  10.68+8.17  Mn  a. 44  fH—  4.7^. 

Newbnryport.  M«m.., 

i% 

48.4 

TO 

49.0 

D= +]a, 07  +  3.10  «<in  0.4   m+    1.9^ 

Sftleni^  MiuPii* 

49 

31  1> 

70 

Tjfi  8 

D^  +  l».80  +  .^,fll  i^in  (J-BOm-    l.m. 
D=+  B.Ee  +  S,98iln(l  aOm+    5,a>- 

4i 

il  B 

71 

C8.S 

Cambridge  Mttw. — 

4S 

S2.9 

71 

07.7 

NAntuck«t. 

'f 

n.o 

70 

eo.o 

D^+  0.30  +  3,78  *in(l.rv5fiij    8.©* 

Provldf 

4D5 

71 

34.1 

+  0.19*1110.2  m  +  lim. 

Ha* 

45.9 

72 

40.4 

P=+  8.05* a.ro  In  ( ',25171- «e.i>. 

K 

18,5 

1  -^ 

56,7 

D:^+  7.7«ajlr.1iul.40in- UtJI- 
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Locality. 

Latitude. 

Longitude. 

Bzprewion  for  Magnetic  Declination. 

Albcny.  N.  Y 

• 

/ 
80.3 

78 

t 
45.8 

D=+  8.17+3.03  »in  (1.44  m—    8.8>. 

Ozfonl,  N.  Y 

4tt 

86.5 

75 

40.5 

D=+  6.19+3.24  Mn  (1.85  HI— 18.9). 
D=+  8.66+8.47  fin  (1.4   m— 27.8). 
D=+  8.28+3.71  Bin  (1  65  m—  89.7). 

Baffalo,N.Y 

43 

S3.8 

7H 

08.5 

Erie,I»a 

43 

07.8 

80 

05.4 

Cleveland,  Ohio 

41 

80.8 

81 

43.0 

D=+  0.10  +  3  07  sin  (1.40  m-    6.2). 

Detroil,Mlch     

4S 

30.0 

88 

08.0 

D=— 0.97+8.31  sin  (1.60  m—  15.8). 

Saint  Loais.  Mo 

as 

88.0 

90 

12.3 

D=— 7.15+3.88  Bin  (1.4  m- 20.1).« 

1  XewYork,  N.  Y 

1 

40 

43.7 

74 

00.0 

D=i-  6.40  +  2.80  sin  (1.6  m-    5.5) 
+  0.14  8in  (6.8   m+  &I). 

1  Hatborongfa,  Fa 

40 

13 

75 

07 

D=+  5.38+8.28  sin  (1.54  f?>-  18.3) 
+  0.38  sin  (4.1   m+167). 

FMladclpUa,  Pa 

» 

66.9 

75 

OO.O 

D=+  5.88  +  3.29  sin  (1.56  m— 23.9) 

+  0.39  Mn  (4.0   m  +  161). 

Htrrifboig,  Pa 

40 

15.9 

78 

63.9 

D=+  2.93^^2.93  fin  (1.60  m+    0.2). 

BilUmore,  Md 

89 

17.8 

76 

87.0 

D=+  3.20  +  2.57  sin  (1.45  m- 31.3). 

Wtthinpton,  D.  C... 

88 

B5.3 

77 

00.6 

D=+  2.47  +  2.47  Pin  (1.40  m- 14.6). 

Cape  Henry,  Va 

86 

53.5 

76 

00.5 

D=+  2.54  +  3.41  sin  (1.60  m—  86.4). 

Charleston,  8.  C 

83 

46.6 

79 

55.8 

D=- 2.14+3.74  sin  (1.85  m—    1.8). 

SaraDnah.  Ga 

88 

01.9 

81 

05.5 

D  =  -  3.54  +  2.38  sin  (1.5   m-  38.6). 

Key  We^t,  EHi 

U 

33.5 

81 

48.5 

D=- 3.90  +  9.98  sin  (1.4  m- 38.5). 

MoMlc,  Ala 

ao 

41.4 

88 

(».5 

D=-  4.40*2  (Whin  (1.46m—  76.4». 

New  Orleans,  La 

90 

57.2 

00 

08.9 

D=- 6  01+2.5rBin(1.4   m-  C1.9). 

8m  Diego,  Cal 

83 

42.1 

117 

14.3 

D=— 12  54 +  1.64  Kin  (1.2   m-18(l  C). 

Monterey,  Cal  

86 

86.1 

181 

58.6 

D=— 12.82+3.54^111(1.0   m-142.9>. 

8ttFr»nclaco,0al... 

^ 

47.5 

132 

27.3 

D=— 13.84  +  3.13  sin  (l.OOm-180.3). 

GqwDUappointment, 

Wt«h.Tter 

46 

16.7 

134 

oe.o 

D=-20. 78  +  2.81  Bin  (1.2  m— 188.8). 

«tki,Alai.ka 

57 

02.9 

135 

19.7 

D=-36.78  +  2.41  8in(1.6   m-107.1). 

tloaluhka.  Alaska... 

« 

52.6 

166 

81.5 

D=-18.34  +  1.45Fin(1.4   m— 67.8). 

158.  The  epoch  to  which  the  formulre  refer  is  1850  ;  hence, 
in  the  "expression  for  magnetic  dechnation," 

m  =  t  -  1850. 
ToiDiigtrate  the  use  of  the  table.     Let  it  be  required  to  find  the 
declination  of  the  needle  at  Albany,  N.  Y.,  in  August,  1879, 
« 1879.6. 


^  Approximate  ezpretdon. 
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The  tabular  e^rpresaion  for  magDetic  declination  at  Albany  is 

D  =  +8M7+3^02  sin  (1.44**  m— 8^*5). 

m  ^1879.6—1850^29.6. 

L44^  m  :=  42^624, 

.     1.44°  171—8^3  =  34°.324, 

Natural  sin  (34°.324)  =  .5638 ; 

hence,  B  =  ^  8M7  +  3^02  x  .5638  =  +  9^87 ; 

which  gives  the  computed  declination  of  the  needle  at  Albany  m 
1879.0»  as  9°.87  {wesij  since  the  result  hplus)^  which  differs  from 
the  observed  declination  at  that  time  but  one-hundredth  of  a 
degree. 

If  the  time  for  wliieh  the  declination  is  desired  is  prior  to 
1850,  then  m  will  be  negatiee.  For  example,  let  the  declioatioti 
at  Albany  for  1836.8  be  required  ;  then 

m  =  1836,8—1850  =  -^13.2, 

and  1^44  m  =  1°.44  x  (—13.2)  =  —19^008, 

and  1°,44  m-^8°.3  =  — 27°.308, 

and  sin  (^27^308)  =  -.45877; 

.-.  i>  ^  8M74-3^02  sin  (-27".308)  ^  8M7-1^39  =  -h6V»' 

which  agrees  exactly  with  the  observed  declination* 

The  student  is  referred  to  Mr.  Schott's  paper.  Appendix 
No.  9,  TI,  8.  Coast  and  Geodetic  Survey  Report  for  IS1%  ^or 
valuable  tables  of  Magnetic  Declinations. 

159.  From  the  Esame  paper  is  taken  the  following  table  «' 
computed  annua!  chttriffes  in  the  declination  of  the  magnetic 
needle  for  1870,  18H0,  and  1885,  expressed  in  minutes  of  arc,  » 

I-f  sign  indicating  north  end  of  needle  moving  westward,  a  -" 
fgn  indicating  north  end  moving  eastward: 
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TABLE. 


Annuftl  change. 


LocaMtj, 


til  W^. 


In  taso. 


In  I8e5. 


Portlaod,  Me,  

BtiHingtoD,  Vt, , .  - 

Butlaiid,  Vt -. 

Fortjimoiith,  N.  H. 
Newburyport^  Masa. 

Salem,  Mass* 

Boston,  Maaa 

Cambridge,  Mas€* . . 
Mantncket^  Mass* . . 

Providence,  R  I 

Hartford,  Conn< . , . 
New  Haven  J  Conn. 
Albany,  N.Y...... 

Oxford,  N,  Y,  - . . . . 

Baffalo,  N-  T 

Erie,  Pa. 

Cleveland,  Ohio, . . . 
Detroit,  Mich .  „ . . . 
Saint  Louis,  Mo. . . . 
New  York,  K  Y.  . 
Hatborough,  Pa. .. 
PbHadelphia^  Pa.. . 

HarriBbnrg,  Pa, 

Baltimore,  Md. . . . . , 
Wiishingt-on,  D.  C, 
Cape  Henry,  Va... . 
Charleston,  8-  C- .. 


+  J^-4 

-f  0.0 
+  4.4 

+a9 

+5.0 
+3.4 
+  2.9 
+  3.3 
+  3.8 
+  3.8 
+  4,6 
+  4,3 
+4  J 
+  5.1 
+4.4 
+  2,8 
+  3.4 
+  3.4 
+  2.4 
+4.6 
+  4.9 
+  4.1 
+3,9 
+3.5 
+  3.8 
+  3.5 


+  1.6 
+  6.0 
+  5.6 

+a? 

+  3  J 
+4.1 
+  2.9 

+  2.1 
+  2.7 

+  3.7 
+  4.3 
+  3.7 
+  43 

+  5.0 
+  43 
+  2..5 
+  8.0 
+  3.2 
+  2.5 
+4.5 
-h4.9 
+  3.3 
+  3.6 
+3.2 
+3.7 
+3.0 


+  L2 

+  5.3 
+  3.3 

+2,9 
+  3.5 

+  1.8 

+  2.4 

+  3.6 
+  4.1 

+  3.4 
+  4.0 
+  48 
+  4.0 
+  2.2 
+  2.8 
+  3.0 
+  2.6 

+  6.3 
+  2.8 
+  3.2 
+  3.0 
+  3.6 
+  2.7 


Savannah,  Ga.. , 

Key  West,  Flu 

Mobile,  Ala,. , ♦ ., , 

New  Orleans,  lia, . . . . .  . . . 

San  Diego,  Cal 

Monterey,  Cal 

San  Francisco,  CaK    ...... . 

Cape  Di.siippointnieDt,  W.  Tor 

Sitka,  Alaska •  - 

Unaliislik;!,  Alaska. . . . . . 


+  3.6 
+  4^ 
4-2.8 
-|-3,l 
—  La 

-LO 
-3.4 

+  L0 
+  LG 


+  3.5 
+  4/2 
+  3.4 


+3.1 

+  41 

+3.: 


+  3.5 

+  3.7  1 

—  1.7 

-I,G 

-1.5 

-1.1 

— O.n 

-0.3 

-3.1 

-2.r 

.     +2.1 

4-ii 

+  1.9 

+to 

160.  It  will  he  observed  Lluit  the  amount  of  change  is  by  lift 
meaus  iho  s:irae,  even  in  places  not  fur  remote  from  each  otficf, 
113  New  York  and  Philadel|>hia, 

In  grouping  together  a  table  of  the  prei?ent  rate  of  change 
nuieli  allowanee  must  therefore  be  made  for  possible  local  pjco- 
liarities  that  have  not  l>een  ascertained. 

A  surveyor  should,  at  the  time  and  place  of  survey,  deter- 
mine the  true  meridian  and  thence  the  magnetic  deeliuation  for 
record  with  Im  isurvey. 


Hethod  of  aficertaiming  the  Declination. 

161.    The  l>est  practical   method   of  determining  the 
meridian  of  a  place,  is  by  ol)scrvin!:!:  the  north  star,  Pokri: 
II  this  star  were  precisely  at  the  point  in  which  the  axis  of 
earth    prolonged   piercea   the  heavens,  then    the  intersection 
the   vertical    i>lane   passing   through   it  and  the  place,  with  Ih^ 
suiface  of  the  eaiih,  would   be   ihc   true   meridiun.      But  Ui 


true  I 
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being  at  a  distance  from   the  pole  equal  to  l"*  30'  nearly, 
I  perfomus  a  revulation  about  the  pole  in  a  circle,  the  polar 
iistanoe  of  which  is  1'^  30'  nearly,  and  the  time  of  revolution  ia 
hours  atid  5G  minutes. 

To  the  eye  of  an  observer  this  star  is  coutinually  iti  motion, 
d  is  due  north  but  twice  in  23  hours  and  5G  miiHiie.s  and  ig 
iiea  said  to  be  on  the  meridian.  When  it  deparU  from  the 
leridiaD;  it  apparently  moves  euiit  or  west  for  6  hours  and 
iB9  minutes,  and  then  rettims  to  the  meridian  again.  When  at 
ts  greatest  distance  from  the  meridian,  east  or  west,  it  is  said  to 
be  at  ita  greatest  mstern  or  western  elongation* 

162.  The  western  elongations  from  the  beginning  of  April  to 
tlie  end  of  September,  and  the  eastern  from  the  beginning  of 
October  to  the  end  of  March  occnr  in  the  day-time.  If  it  be 
Meeaaary  to  determine  the  meridian  at  that  particular  season  of 
the  year,  and  at  iiiglit,  let  5  hours  and  59  minutes  be  added  to  or 
subtracted  from  the  time  of  greatest  eastern  or  westeni  elongation, 
and  the  obat.rvation  be  made  at  night  when  the  btar  U  on  the 
meridian. 

163.  The  angle  which  the  meridian  plane  makes  with  the 
'  vertical  plane  passing  through  the  pole-star  when  at  its  greatest 

eastern  or  western  elongation,  is  called  the  Azimuth  of  Polaris. 

The  following  extract,  Art.  164,  with  the  tablets*  k  from  the 
Eeport  of  the  U.  8.  Coast  and  Geodetic  Survey  for  1881 : 

164.  The  following  tables  of  the  times  and  azimuths  of  I*o- 
laria  ivheti  at  elongation  have  been  prepared  for  the  benefit  of  those 
8urTeyf»rs  and  others  who  muy  prefer  to  mukc  use  of  the  pole-star 
6jf  their  determination  of  the  true  meridian,  and  whose  instru- 
metital  outfit  for  the  measure  of  the  declination  may  be  limited  to 
a  compass  with  sights  or  to  a  small  theodolite  with  compass-needle 
**^'tached,  and  who  may  be  without  a  chronometer. 
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The  method  was  reoomineiided  to  amtc^mg  bj  Dr. 

Davies  in  the  resided  edition  of  his  work  on  sarrejiiig,  imd  i 
descrjptiou  of  it  still  forms  part  of  the  mstmcdons  of  the  Cooh 
mission  or  of  the  General  Land  Office  to  tht  sur^ejon-gmmi  rf 
public  laud  of  the?  United  States  (editions of  1855, 1871, and  18:^ 
The  tables  given  in  these  iiistractioDs  hmwB  either  become  obetM 
From  lapae  of  time  or  are  not  sufficientlj  extended  for  future  la, 
They  were,  therefore,  recomputed,  and  in  their  present  form  mi 
with  iho  rules  given  for  interpolation  will  be  found  to  poesea 
gretitL'r  ticcuracy  than  any  similar  tables  previoosly  puWUbei 
The  tables  include  all  elongations  whether  occurring  by  dar  or 
night,  Polaris  may  be  observed  in  day-time  when  the  sun  is  not 
too  high  even  witij  moderately  powerful  telescopes;  bmds$,i 
comphtt?  tahlu  facilitates  interpolation. 

Kean    local    time    (afltronomicaU  coimtiiig  from  noon)  of  tb 
eloEgationa  of  Polaris^ 

ITba  tabii  ahiw^N  dlro-etlr  for  the  yetr  ]8»5«  for  Uihiade  4-40*  «od  lor  kmgltwk  «  M«i 
WMt  of  GrDenwIcb.} 


Dtle. 

BiifttdRi 

elittigBUoD. 

Jan. 

1 

b. 
0 

fa. 
12 

24.6 

M 

15 

2a 

SiiA 

11 

29.3 

Vi^}. 

1 

n 

29.0 

10 

22.2 

li 

K* 

21 

33,7 

9 

27.0 

Miir. 

1 

20 

38.5 

8 

31.8 

** 

15 

19 

43-4 

7 

36.6 

Apr. 

1 

18 

36.4 

Ti 

29.7 

4« 

15 

17 

41  4 

5 

34.7 

May 

1 

IC 

38.0 

4 

31.8 

tt 

15 

15 

43  7 

3 

36.9 

June 

1 

14 

37.1 

2 

30.3 

At 

15 

13 

42.2 

1 

35.4 

ssa  y.] 
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Due. 

Xutera  elongsdoD.  Wenterneloogatton. 

July 

1 

m. 

39  6 

h. 
0 

m. 

32.8 

« 

15 

11 

U.I 

23 

34.0 

Aug. 

1 

10 

38.2 

22 

27.5 

a 

15 

9 

43.3 

21 

32.6 

Sept 

1 

8 

36.7 

20 

26.0 

«< 

15 

7 

41.7 

19 

31.1 

Oct. 

1 

G 

38.9 

18 

28.2 

t* 

15 

5 

43.9 

17 

33.2 

Nov. 

1 

4 

37.0 

16 

26.4 

tt 

15 

3 

41.9 

15 

31.3 

Dec. 

1 

2 

38.9 

14 

28.2 

<( 

15 

1 

43. G 

13 

33.0 

N.  B. — To  refer  the  tabular  times  to  any  year  (limit  about 
10  years)  subsequent  to  the  epoch,  add  0".35  for  every  year.  For 
years  previous  to  epoch  subtract  0".35  for  every  year. 

To  refer  the  tabular  times  to  any  other  latitude  (between  the 
limits  25''  and  50°),  add  0M4  for  every  degree  south  of  40° ; 
subtract  0".18  for  every  degree  north  of  40°. 

To  refer  the  tabular  times  to  any  year  in  a  quadriennium, 

For  first  year  after  a  leap  year  the  table  is  perfect. 
For  second  year  after  a  leap  year  add    .    .     .    1".0 
For  third  year  after  a  leap  year  add      .     .    .     2'".0 
For  a  leap  year  and  before  March  1  add    .     .    3".0 
And  for  remainder  of  the  year  subtract     .     .     l^.O 

For  any  other  than  the  tabular  day  subtract  from  the  tabular 
time  of  elongation  3'".94  for  every  day  elapsed. 

It  will  be  noticed  that  there  occur  two  eastern  elongations  on 
January  9,  and  two  western  elongations  on  July  9. 


Aiimnth  (from  the  north)  of  Polaris,  when  at  elongation,  between  the  years  1882  and  1896,  for  different      ^   ^ 

latitudes  between  +25"  and  +50  .                                                                 ^  ^M 

— — = ■ — ^ — ^^H 

■ 
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o 

1 
i 

^  li  s  s  s  !^  »^  ^^  ^  i?  ^  S3  s  s  £  s  s  ^ :;  ^ ;;  ^  9  s  s  21 

1 

9 

Q 
§ 

^aSi«|}S;$8$3SS«83S£3giSi7^^iil3^^| 

1 

i 

i 

1 

i 

^  IS  S  si  3!  i;^  i  S  ^  f5  ^  ^'  ^^  si  iS  9  ^'  ^^  :^  $^  3  3  S  S  SS  ' 

i 

i 

0^4                                                                                                                                                                     ««|  «      1 

9 

1 

3 

^ 

tJ  magnetic  declination. 
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^^^P  To  find  tlie  true  Meridian  with  the  Compass. 

H  1S5-  1.  Drive  two  posts  firmly  into  the  ground,  in  a  line 
nearly  ea«t  and  west ;  the  uppermost  ends,  after  tlic  posts  are 
driven,  being  about  three  feet  above  the  surface  and  at  the  &ame 
^  leTel,  and  the  posts  about  four  feet  apart;  then  lay  a  plank,  or 
H piece  of  timber  three  or  four  inches  in  width,  and  einooth  on 
the  upper  side,  npon  the  posts,  and  let  it  be  pinned  or  nailed, 
to  hold  it  firiDly»  M 

2.  Prepare  a  piece  of  board  four  or  (\ve  innhcs  square,  and 
smooth  on  the  under  side.  Let  one  of  the  compass-siglita,  or  a 
piece  of  tin  with  a  yery  small  perforation,  be  fastened  at  right 
angles  to  the  upper  surface  of  tlie  hoard,  and  place  a  brick  or 
other  weight  ni>on  the  sight-board  to  keep  it  steady, 

3.  At  about  twelve  feet  from  the  stakes,  and  in  the  direction 
of  the  pole-star,  let  a  plumb  he  suspended  from  the  top  of  an 
inclined  stake  or  pole.  The  top  of  the  pole  should  be  of  such 
a  height  that  the  pole-star  wiU  appear  about  six  inches  below  it; 
and  the  plumb  should  be  swung  in  a  vessel  of  water  to  prevent 

^Mt  from  vibrating. 

^B      This  being  done,  about  twenty  minutes  before  the  time  of 

Hfelongation,  place  the  board,  to  which  the  compass-sight  is  fastened, 

on  the  horizontal   plank,  and   slide   it  cast  or  west,   until  the 

a|>erture  of   the  compass-si gl it,  the  plumb-line,  and  the  star,  are 

^brought   into   the  same  range.     Then  if  the  star  depart  from 

Bthe  plumb-line,   move   the  compass-sight,    east  or  west,   along 

the  timber^  as  the  case  may  be,  until  the  star  shall  attain  its 

greatest  elongation,  when  it  will  continue  behind  the  plunib-lino 

ior  several  minutes;  und  will  then  recede  from  it  in  tlie  dircc- 
ion  contrary  to  its  motion  hefoix)  it  became  stationary.  Dur- 
ng  this  observation  it  will  be  necessary  to  have  the  phinib- 
ine  lighted ;  this  may  be  done  by  an  assistant  balding  a  candle 
near  it  M 

k I 


I 


Kow  let  a  point  be  fixed  by  a  second  plumb-line  placed  at  i 
distiince  of  thirty  or  forty  yards  from  the  first,  and  in  the  mm 
direction  with  it  and  the  compass-sight  Hark  the  pointi 
detc*rmined  by  tlie  two  plumbs,  for  future  reference,  by  driving 
pegs  deeply  juto  the  ground  nnd  marking  the  exact  point  on  each 
by  u  small  nail.  The  line  so  determinetl,  makes,  with  the  true 
meridian,  an  angle  equal  to  the  azimuth  of  the  pole^tar;  aod^ 
from  this  line,  the  variation  of  the  needle  is  readily  determine^ 
even  without  tracing  the  true  meridian  on  the  gronDd, 

Plajce  the  compass  upon  this  line,  turn  the  sights  in  tbe 
direction  of  it,  and  not^  the  angle  shown  by  the  needle.  Now, 
if  the  elongation  at  the  time  of  obeervation  was  west,  and 
north  end  of  the  needle  is  on  the  west  side  of  the  line, 
azimuth  pins  the  angle  shown  by  the  needle^  is  Ihe  true  vi 
tion.  But  should  the  north  end  of  the  needle  be  found  on 
east  side  of  the  line,  the  elongation  being  west,  the  difei 
between  the  azimuth  and  the  angle  would  show  the  variation 
and  the  reverse  when  the  elongation  is  east 

It   may  be  stated   that   for  magnetic  purjmsea  a  mi 
degree  of  accuracy    Buffices   in    the  determination   of  the 
meridian,  and  a  correct  knowledge  of  it  within  1'  will  in 
fully  suffice.     It  is  difficult,  even   in   our  middle   latitude^ 
det^rmiue   the  magnetic   meridian   within   the  limit  of  1' 
account  of  the  continuous  iluctuationF,  benee  any  greater  »< 
racy  than  this  in  the  astronomic  meridiiin  would  be  useless. 

166.  A   very  near  approximation    to  a  true  meridian, 
con8e(|uently   to   the    variation^    may  be   bad,  by   re  mem  I 
j     that  the  pole-star  very  nearly  apaches  the  true  meridian,  w^ 
I     it  is  in  the  tiame  vertical  plane  with  tlie  star  Delia  (&)  in 
:     constellation  Cassiopeia. 

I         tTsing  the  same  apparatus  as  in  Art.  165,  place  the  "sig 
^^L     i  **   in   line   with   the   plumb-line    and    the    pole-star,  and 
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move  it  to  the  easi  as  the  pole-star  moyes  westy  till  Polaris  and 
Delta  both  appear  upon  the 
plnmb-line  together;  the  line 
through  the  point  of  sight  and 
the  plumb-line  will  be,  very 
nearly  and  with  sufficient  accu- 
racy, the  true  meridian.  This 
method  is  practicable  only  when 
the  star  Delta  is  helow  the 
pole-star  during  the  night; 
when  it  passes  the  meridian 
above  the  pole,  it  is  too  near 
the  zenith  to  be  of  service,  in 
which  case  the  star  Zeta  (f), 
the  last  star  but  one  in  the 
tail  of  the  Great  Bear,  may  be 
used  instead. 

Delta  CassiopeisB  is  on  the 
meridian  below  the  pole-star 
at  midnight  about  April  10,  and 
18,  therefore,  the  proper  star 
to  use  at  that  date  and  for 
some  two  ihonths  before  and 
after. 

Six  months  later,  the  star 
Zeta  in  the  tail  of  the  Great 
Bear  will  supply  its  place,  and 
ia  to  be  us^  in  precisely  the 
same  manner. 

Kg.  82  gives  a  representa- 
tion, drawn  to  scale,  of  N.  Pole, 
Polaris,  and  the  Constellations 
Cassiopeia  and  Great  Bear ;  and  fio.  83. 
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the  line  drawn  tli rough  the  star  Delta  (<5)  of  Caesiopeia  and  ZeU 
(C)  of  the  Great  Bear,  represents  those  stars  on  the  meridian  tiik 
the  pole-stjyr. 

The  method  given  in  this  article  for  finding  the  true  iiieridim 
canuot  he  listed  with  advantage,  on  aocoimt  of  the  haziness  ot 
the  atmosphere  near  the  horizon,  at  places  below  about  Sf 
north  latitude.  ' 

167.  The  variation  of  the  needle  should  always  be  noted  on 
every  survey  maile  with  the  compass,  and  then  if  the  land  besiu^ 
I      vejed  at  a  future  time,  the  old  lineis  can  nlways  be  re-rnn. 

In  re-running  the  lines  of  an  old  survey,  a  vernier  is  iisrf 
setting  off  the  variation  of  the  needle* 

I  168,  A  Vernier  is  a  contrivance  for  measuring  smaller 

gions  of  a  unit  than  those  into  which  the  line,  to  which 
applied,  is  divided.     It  is  a  graduated  scale  so  arranged  i 
cover  an  exact  number  of  equal  spaces  on  the  primary  Bcal^  or 
limk     It  is  divided  into  a  number  of  equal  piu^ts  greater  by 
than  the  number  of  equal  spaces  which  it  covers  on  the  linil 
The  vernier  may  be  applied  to  any  limb  or  scale  of  e<)nal 
The  modes  of  its  application  are  extremely  various ;  the  prim 
however,  is  the  same  in  all,  and  may  be  illustrat43d  by  a 
diagram  (Fig,  83). 

I  a      ^     /a     rr     ts     ts      i4     iS     i6     ir     is      tsf 

k 


r     I    I I  -i—:d 


J       6 


S       to 


Let  AB  be  any  limb  or  scale  of  equal  part«,  one  qf  whiclJ 
us  sujipose  equal  to  ^J^  of  an  inch.  Let  CD  be  a  vernier,  eqna? 
in  length,  say  to  nine  of  these  parts,  and  itself  divided  into  teii 
equal  spaces,  each  one  of  which  is  then  equal  to  nine-tentha  ol 
iVt  or  jhi  ^^  *^'^  *^^^*^*  "I'*^*-'  difference  l>etween  a  space  on  tha 
limb  and  »  apace  on  the  veniier.  is  therefore  equal  to  one-tent 
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^f  or  ^^  of  an  incli.  This  is  the  least  space  that  can  be 
measured  by  meuas  of  the  vernier,  and  is  called  the  leasi  count ; 
hence. 

The  least  count  of  a  vernier  is  equal  to  one  of  the  equal 
divisions  of  the  limb  divided  by  the  number  of  spaces  on  the 
vernier* 

P  169,  The  true  reading  of  an  instniment,  for  any  position  of 
the  vernier,  expresses  the  distance  from  the  point  where  the 
graduation  on  the  limb  begins,  marked  0,  to  the  0  point  of 
the  vernier.  In  the  diagram,  that  distance  u  expressed  by 
nine  unita  of  the  limb,  or  9. 


I 


Read  the  scale,  in  the  direction  of  the  graduation,  up  to  the 
e  preceding  the  0  of  the  VLniier  ;  this  gives  the  number  of 
whole  units  of  the  scale.  Look  along  the  vernier  and  find  wliicb 
of  its  lines  coincides  with  a  line  of  the  scale ;  this  lino  of  the 
■ernier  gives  the  number  of  fractional  parts  of  one  unit  of  the 
le  to  be  added  to  tlie  former  reading];. 


■. 


We«' 
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If,  now,  the  vernier  be  moved  till  the  division  1  coincides 
with  the  division  10  of  the  limb,  the  0  point  will  have  advanced       I 
along  the  limb  a  distance  equal  to  ^  of  one  space,  and,  if  w^e  call 
each  space  b,  the  reading  will  become  9  +  ^*^.     If  we  again  move 
the  vernier  till  the  division  2  coincides  witli  the  division  11  of 
the  limb,  the  0  |>oint  will  have  advanced  an  additional  distance, 
equal  to  ^J,  and  the  reading  becomes  9  +  ^6  ;  when  3  coincides       I 
with  division  12,  the  reading  will  become  OH-^^,  and  so  on,  till 
finally,  when  the  point  10  coincides  with  19  of   the  limb,  the 
^Ustance  9  will  luive  been  increased  by  ^6,  and  will  become  10, 
^■i  it  should,   since,   in   that  case,  the  0  point  will  have  been 
^Boved  a  whole  space,  and  will  coincide  with  the  division  10 
of  the  limb.    Hence,  the  following  rule  for  reading  an  instru- 
ment which  has  a  vernier : 


d 


I 

I 


170*  In  order  to  read  a  vernier  correctly,  especiallj  fl 
one  with  which  we  are  not  familiar,  it  is  necessary  to  esCT 
by  the  et^e  alone,  the  fractional  part  of  one  unit  to  be  adf 
then  if  the  vernier  reading  is  nearly  the  eiime  as  the  estk 
we  may  record  the  reading  with  confidence;  but  if  the  estii 
and  the  vernier  reading  disagree  largely,  then  the  cause  of 
disagreement  will  probably  be  a  false  reading  of  the  vernier* 


171.    In    a    vernier    eompays,   the    vernier  is   af 
shown  in  the  figure,    A  small  arc  If  I  is  described  on  ihi 
AB,  having  its  centre  at  the  centre  of  the  compass-box, 
arc  is  divided  to  degrees,  and  sometimes  to  the  parts  of  a  de^ 
The  vernier  is  permanently  attached  to  the  compafis-box, 

I      When  the  0  point  of  this  vernier  coincides  with  the  0  | 
of  the  graduated  arc  ///,  the  north  and  south  line  of 
pass-box  lies  in  the  plane  of  the  sights. 
The  compass-box  is  turned  about  its  centrOj  witliout  mfi 


t 
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the  plate  AB,  by  means  of  the  milled  screw  L  :  and  is  fastened 
to  the  plate  AB,  by  a  clamping  nut  underneath  the  main 
plate. 

172*  To  set  off  the  variation  of  the  needle  on  a  vernier 
com{)ass,  turn  the  north  end  of  the  compass  plate  l*y  the  tangent 
screw  L  of  the  vernier  (see  Fig,  84),  over  the  number  of  degrees 
in  the  variation,  to  the  left  (the  observer  is  supposed  to  be 
standing  at  the  south  end  of  the  plate  and  looking  towards 
the  north  end),  if  the  variation  is  westerly,  to  the  right  if 
it  is  easterly, 

173.  To  nm  out  lines  of  old  deeds,  set  the  compass  upon 
one  end  of  an  *' original  line,"  determined  to  be  such  by  old 
**  marks,"  or  by  teBtimony  as  to  its  having  been  undisputed 
lor  twenty  years  or  more,  and  turn  the  vernier  plate  till  the 
reading  i^  the  saJme  as  that  given  in  the  deed ;  then  run 
the  other  lines  by  the  beanngs  and  distances  as  given  in 
the  deed. 

174*  To  make  allowance  for  change  in  "variation''  in 
running  out  old  lines,  when  only  one  "comer"  can  be  identi- 
fied, the  surveyor  must  see  to  it  that  the  date  of  the  deed 
from  which  he  is  working  is  the  same  as  the  date  of  the  survey 
from  which  the  description  of  property  in  the  deed  is  taken  : 
Very  often  descriptions  are  coiu^d  from  former  deeds,  in 
which  case  the  date  of  the  sitrvey  must  be  discovered  befoiv 
running  the  lines. 

175.  If  DO  •'original "  line  of  the  property  can  be  fotindt 
nor  a  corner  and  date  of  survey,  then  the  surveyor  must  seek 
Huj  data  upon  neighboring  property  and  work  back  from  there, 
tkrough  several  deeds  if  necessary. 


176.  It  is  very  desinible  thut  the  date  of  the  survey  from 
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which  a  description  is  t^ken,  and  also  the  name  of  the  *arTe] 
Bhould  be  entered  in  every  deed  convejiug  lands. 

The  form  uf  a  '*  i^urvey  Bill  *'  may  be  somewhat  as  follows; 

Description    of  Pmperty   in   Town   of ,  Counlv 

— , ,  State  of  — — 5  fiurveyed  on  the  gixteentli  ibj  of 


August,  in  the  year   eighteen  hundred   and    eighty-three,  mi 
bounded  as  follows  : 

Beginning  at  a  point  io  the  northwest  comer  of  land  ownei 
by  A.  B.  C,  and  marked  by  a  cross  cut  into  the  top  of  a  stone 
sunk  three  fei^t  into  the  ground, — ^from  which  point  tlie  iM 
chiuuiey  of  the  house  of  A.  B.  C.  bore  S  871*"  E,  disUnt  8^6  cb- 
thence  from  the  point  of  beginning  N  18°  E,  1L27  cL  to  I 
stake ; — thence  N  56°  E,  15,26  ch,  to  a  corner  where  two  stow 
walls  meet  J— 'thence  S  87°  E,  5.5G  ch.  to  the  shore  line  of  the 
bay ;— thence  following  the  shore  line  to  a  point  ou  the  eiiorc 
line  bearing  S  23*"  W,  and  distant  in  a  straight  line  13*47  ck- 
from  which  point  the  middle  of  the  eastern  key-stone  of  tk 
bridge  ueross  Beaver  Dam  Creek  bears  S  371''  E ; — theuee,  fol- 
lowing the  middle  of  the  road  to  a  point  in  the  middle  of  the 
ruad  beai'ing  S  87"^  W,  distant  in  a  straight  line  5  ch.— tlieno^^ 
....Ac,  Ac;  the  above  described  property  containing*  by  cat 
cnlation,  —  Acres,  —  Eoods^  and  —  Perches,  more  or  less. 

Erasmus  Ruggles, 
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177.  The  transit  is  an  iu8triinieut  used  for  rneasiiring  hori- 
^sontal  and  (when  furoishcd  with  a  vertical  circle)  vertical  angles. 
It  is  placed  on  a  tripod,  TTT,  ta  which  it  is  screwed  fust  by 
means  of  a  horizontal  brass  plate,  DL\     Upon  the  upper  .surlaeo 
Hx)f  the  plate  i>i?  rest  four  ecrewg  with  milled  heads,  called  level- 
ling i?crew8,  which  work  tli rough  the  second  honzonhd  [jlate,  FG^ 
into  cylindrical  nuts,  shown  in  the  figure.     The  two  plates  DE 
I      and  FG  are  called  leveling  plates^     The  lower  leveling  plate,  DB, 
^■1$  made  in  two  pieces — ^the  upper  piece^  which  is  screwed  fast  to 
the  top  of  the   tripod,  having  a  large  opening  in  its  centre,  in 
which  the  smaller  lower  one  is  shifted   from   ^ide   to   side,  or 

P turned  completely  around* 
By  this  arrangement,  termed  a  **  shifting  centre,"  the  instru- 
ment is  easily  moved  over  the  upi>er  plate,  and   the  plummet, 
^hich  hanga  from  the  centre,  set  precisely  over  a  point  without 
oving  the  tripod. 
The   upper  side   of  the  plate   DE  terminates  in   a  curved 
flurface,  which  encloses  a  ball  that  is  nearly  a  hemisphere  with 
be  plane  of  its  base  horizontal.    This  ball  or  hemispherical  nut 
screwed  fast  to  the  smaller  base  of  a  solid  conic  spindle,  that 
throngh    the   cnrved   part  of  the  plate    DE,      To   thfs 
pindie  is  firwh  attaehed   the  secxmd    horVzontaX    \Xa\je,   FG 


I 
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17a   The  aectioQal  view.  Fig.  86,  shows  the  interior  construc- 
ftjon  of  the  sockets  of  the   transit,  the  manner   in  which  it  i^ 
|detached  from  the  spindle,  and  the  means  by  whicJi  it  can  be 
iken  apart  if  desired- 

In  the  figure,  the  limb  BB  is  attached  to  the  main  socket  of 
LL*  which  is  itself  carefnlly  fitted  to  the  conical  spindle  P,  and 
held  in  place  by  the  spring  catch  C. 
^^  The  upper  plate,  .1.4,  carrying  the  compass-circle,  standards, 
Hlfec.,  is  fastened  to  the  flanges  of  the  socket,  UU^  which  is  fitted 
to  the  upper  conical  surface  of  the  main  socket  L;  the  weight  of 
all  the  parts  being  supported  on  the  small  IjcariTiga  of  the  end  of 

kthe  socket,   as   shown,    so   as   to   tnru   with   the  least    possible 
friction. 
A  small  conical  centre^  in  which  from  below  is  inserted  the 
gtrong  sci'ew,  S^  is  brought  down  firmly  upon  the  upper  end  of 
the  main  socket  LL,  and  thus  holds  the  two  pYatea  ot  \)cv^  m^Vixx- 
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meat  securely  together,  while  at  the  same  time  allowing  tligm  to 
move  freely  ttroLind  each  other  m  use. 

A  BEuall  disc  above  the  cocdcal  centre  cootains  the  steel 
centrc'pin  upon  which  rests  the  needle,  as  shown  ;  the  disc  ii 
fasttmed  to  the  upper  pkte  by  two  small  screws,  as  representd. 

The  maiu  socket  with  all  its  partn  i^  of  the  best  bell-metil 
and  13  most  carefully  and  thoroughly  made,  the  long  bearing  «f 
tlie  sockets  ensuring  their  tirm  and  easy  movement,  while  at  the 
same  time  they  are  entircly  out  of  the  reach  of  dust,  or  other 
source  of  wear 

When  desired  the  whole  upper  part  of  the  instrnment  aui  he 
taken  off  from  the  spindle  by  pulling  out  the  head  of  the  spriof 
catch  at  V,  and  when  replaced  will  be  secured  by  the  self-acting 
spring  of  the  catch. 

Ttie  iigurc  also  shows  the  covers  of  the  leveling  screws,  th 
shifting  centre  of  tlie  lower  leveling  plate,  and  the  screw  loi 
loop  for  the  attachment  of  the  plummet 

179.  On  the  upper  surface  of  the  plate  FO^  Fig.  85,  reafeis 
clamp  which  goes  round  the  main  socCet  and  which,  being  com* 
presicd  by  the  clamp-screw  /i,  is  made  fast  to  it.  This  damp  ii 
thus  connected  witli  the  plate  FG.  Two  small  cylinders,  flfl*  ftW 
fastened  to  the  plate  FG ;  thraiigh  these  cylinders  thumb 
screw?,  //»  called  slow-motion  screws  or  tangent  screws^  pass  and 
abut  against  opposite  sides  of  a  piece  projecting  from  the  clamp- 
ring,  thus  preventing  the  clamp  from  moving  in  either  directitwi* 
When  the  clamp  is  compressed  against  the  main  s*»cket  by  th« 
clamp-screw  A",  the  limb  of  the  instrument  is  prevented  fro» 
revolving.  One  of  the  tangent  screws  /,  lM?ing  then  loosened  « 
the  other  is  tightened,  will  slowly  and  steadily  move  the  ctaiaP' 
ring  itself  and  with  it^  of  course,  the  limb. 

The  limb,  UB,  has  a  silvered  circle  near  its  outer  edge,  ^ 
which  the  graduation   for  horizontal   angles  is  made*     In  th^ 
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instmuieut  clescribed^  the  circle  is  divided  into  degrees  and  half 
degrees;  the  degrees  are  figured  in  two  rows^  viz:  from  0  to  3G0, 
and  fi-om  0  to  90  eacli  way. 

Thc  vernier  plate,  J  J,  has  two  openings,  one  of  which  \a 
shown  in  the  Figure  85^  placed  diametrically  opposite  each  other, 
in  which,  attiiclied  to  the  plate  A  A  and  moving  with  it,  are 
small  silvered  arcs  called  verniers,  which  serve  to  read  the  limb 
about  which  they  revolve. 

The  verniers    are  double,  having  on  each  side   of  the  zero 
mark  thirty  eqoal  divisions  corresponding  precisely  with  iwenty 
nine  half-degrees  of  the  limb  ;  they  thus  read  to  single  miuntes 
and  the  number  passed  over  is  counted  in  the  same  direction  in 
which  the  vernier  is  moved. 

I       The  use  of  two  opixjsite  verniers  gives  the  means  of  testing 
the  correctness  of  the  gniduaHons,  tlte   iKTlection   with   which 
they  are  centered  and  the  dependence  which  can  be  placed  upon 
the  accuracy  of  the  angles  indicated. 
Two  spirit  levels,  at  right  angles  to  each  other,  are  attached 
to  the  vernier  plate  by  small  adjusting  sei-ews,  one  being  fixed 
ii      to  tbe standard  which  supports  the  telescope,  so  as  not  toobsti^uct 
Ihe  light  which  falls  on  the  vernier  opening  beneath. 
Tbe  vernier  plate  turns  freely  around   with   the  socket  to 
which  it  is  attached.     It  is  made  fast  to  the  limb  by  the  elanip- 
Bcrew  Q,  Fig.  85,  after  which  the  smaller  motions  arc  made  by 
the  tangent-screw  A\ 
There  is  a  compass  on  the  vernier  plate  that  is  concentric 
with  it^  the  uses  of  which  have  been  explained  under  the  bead 
^Compass.    It  also  may  be  maile  to  serve  as  a  check  upon  the 
^^ineasuremcnt  of  angles  with  the  transit,  as  from  tbe  magnetic 
bearings  of  two  courses  may  be  found  the  angle  between  them,  as 
explained  in  Art.  114. 
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180.  The  standards  which  support  the  horizontal  axes  of  tbe 
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telesea|ie  with  its  atiaolied  level,  rest  on  and  are  made  fast  to  tiu» 
vernier  plate*  Tlie  vertical  circle  JOf,  Fig.  85,  called  tht 
Vertical  L.imb,  is  sceurely  fastened  to 
the  axis  of  the  telescope;  it  is  plated 
with  silver,  gradiiatcHl  to  half  degrees, 
and  with  its  vernier  enables  the  sur- 
veyor to  obtain  vertical  angles  to  single 
minutes.  There  is  a  elamp-and-tuiigcnt 
arrangement  eouneeted  with  the  tele- 
scope ;  it  consists  of  an  arm  at  one  end 
encircling  the  telescope  axis,  uml  at  the 
other  connected  with  the  tangent-screw 
0,  Fig.  85.  The  clamp  is  fugtened  at  ^ 
will  to  the  axis  by  a  damp-screw,  and 
then  by  turning  the  tangent-screw  the 
telescope  is  raised  or  lowered  as  desired. 


181.  The  telescope  is  from  ten  to 
eleven  inches  long,  firmly  secured  to  an 
axis  having  its  bearings  nicely  fitted  in 
the  standards,  and  thus  enalding  tJic 
telescope  to  l3e  moved  in  either  direction, 
or  turned  completely  around  if  desired. 

The  different  parts  of  the  telescope 
are  shown  in  Fig.  87. 

Tlie  object-glass  is  composed  of  two 
lenses,  so  as  to  show  objeetH  without 
color  or  distortion,  is  jtlaced  at  the  end 
of  a  slide  having  two  bearings,  one  at 
the  end  of  the  outer  tube,,  the  other  in 
ae  ring  00^  suspended  within  the  tiilie 

four  screws,  only  two  of  which  are 
>bown  in  the  cut. 
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The  object-glass  is  carried  out  or  in  by  a  pinion  working 
ia  a  rack  attached  to  the  glide,  and  thus  adjusted  to  objects 
either  near  or  remote  as  desired. 

The  eye-piece  is  made  up  of  four  plane  convex  lenses^  which, 
l)eginning  at  the  eye  end,  are  called  res|K*ctivcIy  the  eye,  the 
field,  the  amplifjing,  and  the  object  lenses,  the  whok*  forming  a 
compound  microscope  having  its  focus  in  the  plane  of  the  cross- 
wire  ring  BB. 

The  eye-piece  is  brought  to  it*?  proper  focus  usually  by 
twh^ting  its  milled  end,  the  spiral  movement  within  carrying  the 
eye-tuhe  out  or  in  as  desired  ;  sometimes  a  pinion*  like  that 
which  focuses  the  object-glass,  is  employed  for  the  same  purpose. 


182.  In  order  that  the  telescope  may  be  directed  to  an  oliject 
with  precision,  two  spider's  lines,  or  fine  wires,  are  fixed  at  riglit 
angles  to  each  other,  and  placed  within  the  barrtl  of  the  tele- 
FGope,  and  at  the  focus  of  the  eye-glasg. 

The  cross-wire  diaphragm  i.s  a 
small  ring  of  metal  suspended  in 
the  tube  of  the  telescope  by  four 
capstan-head  screws,  ff^  ffg,  Fig.  B8. 
he  ring  can  thu^  be  moved  in 
ither  direction  by  working  the 
irews  with  an  adjusting-pin. 
the  flat  surface  of  the  ring 
two  fine  fibres  of  spider's  web,  or, 
better,  very  fine  platinum-wire,  are 

extended  at  right  angles  to  each  other,  their  en^ls  being  cemenieU 
into  fine  lines  cut  in  the  metxd  of  the  ring. 

The  intersection   of  the   wires  forma  a  very  minute   point 
whicu^  whf?n  they  are  adjusted,  determines  the  optical  axis  of  the 
ilescope,  and  enables  the  surveyor  to  tix  it  upcu  an  object  wuth 
he  greatest  precision. 
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The  openiugs  in  the  telescope  tube  are  made  eoogidenibly 
hirger  than  the  screws,  so  that,  when  these  are  loosened^  the  rmg 
may  bo  moved  a  short  distauce  in  the  direction  of  the  length  of 
either  wire  for  purposes  of  adjustment  as  hercaft^er  described,  itnd 
may  also  be  sliglitiy  turned  tor  tlie  same  purpose. 

183.  To  measure  harizontal  angles  correctly,  the  Umb  of 
the  instrument  must  be  made  truly  horizontal 

To  level  the  instrument^  extend  the  legs  and  place  them  so  M 
to  bring  each  bubble  as  nearly  as  possible  to  the  middle  of  lii 
tnbe.     Turn  the  vernier  plate  till  one  of  the  levels  is  paiaUelto 
one  pair  of  leveling  screws,  the  other  level  will  be  paiullel  lo  tb 
other  p^iir  of  screws.     If  the  bubble  in  either  level  is  not  ui  the 
midtllej  turn  the  leveling  screws  to  which  that  level  is  parallel,  in 
contrary  directions,  thus  raising  one  side  of  the  horizontal  pUte 
carrying  the  graduatcil  circlo  and  lowering  the  other  till  the 
bubble  is  brought  to  the  middle  of  that  tube ;  with  the  otter 
pair  of  leveling  screws,  bring  the  bubble  in  the  other  level  to  tb 
middle  of  the  tube;  when  the  bubbles  in  both  levels  are  at tl» 
middle  of  their  respective  tubes,  the  plane  of  the  leveU,  sodi 
consequently,  the  graduated  circle  by  which  horizontal  unglcilis 
measured,  are  truly  horizoutid.      Two   opposite  leveling  scrPti 
may  be  tunied  in  contrary  directions,  by  holding  each  screw  with 
the  thumb  and  forefinger,  and  turning  bo  tbat  both  thumbs  turn 
in,  or  both  out.    When  the  thumbs  are  turned  outwso^  the  leftr 
baud  siiJe  of  the  circle  is  raised ;  when  both  ai"e  turned  inwanL 
the  right-hand  side  is  niisejl.     The  bubble  always  runs  to  the  end 
of  the  level  which  is  too  high. 

If  the  leveUng  screws  become  jammed,  60  as  to  work  hm^ 
torn  one  of  them  only,  forward  or  backward,  till  they  are  t^ 
again  ;  someHmes  they  work  hard,  from  setting  the  otber  p»^ 
tight  while  at  a  large  angle  of  inclination  with  the  lower  plate* 

which  case  the  other  pair  must  be  loosened  again. 
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Before  using  the  instrumeot,   it  must  be    adjusted; 
IS,  the  p:irts  must  be  brought  to  their  proper  relative  positious. 
I  There  are  four  principal  adjustments, 

FifiST  Ad jrSTJTE NT.— To  make  the  axes  of  the  levels^  on  the 
^Km^,  perpendicular  ta  the  axis  of  the  instrmnenL 

184.  Turn  the  horizontal  limb  until  one  of  the  levels  is 
parallel  to  one  pair  of  leveling  screws  ;  the  other  will  be  parallel 
to  the  other  pair.  Bring  the  bubble  in  each  tube  to  the  middle 
with  its  parallel  pair  of  leveling  screws ;  after  which  turn  the 
horizontal  limb  half  way  round  to  reverse  the  levels,  and  if  the 
bubbles  remain  in  the  middle  of  the  tubes,  the  levels  are  properly 
adjusted.  But  if  either  bubble  recedes  from  the  centre,  that 
level  must  be  adjusted  by  raising  the  lower  or  depressing  the 
higher  end,  oue  half  by  tlie  leveHng  screws,  and  one  half  by  the 
screws  which  fasten  the  level  to  the  plate.  Again  reverse  the 
levels,  and  if  the  bubble  does  not  remain  in  the  middle  of  the 
tobe,  correct  the  error  as  before,  and  repeat  the  operation  till  the 
bubble  remains  in  the  middle  during  an  entire  revolution  of  the 
plate. 

Each  level  must  be  adjusted  separately, 

Secoxd  Adjustment. — To  fix  the  inlersedion  of  the  cross- 
ires  in  the  axis  if  the  tele^mpe^  which  is  called  the  line  of 
vllimaiion. 

185,  Having  screwed  the  tripod  to  the  instrument,  extend 
le  legs,  and  place  them  firmly.     Level  carefully,  then  loosen  the 

ip-screw  Q,  of  the  vernier  plate,  and  direct  the  telescope  to  a 
small,  well-defmed,  and  distant  object.  Slide  the  eye-glass  of  the 
telescope  till  the  cross-wires  are  distinctly  seen;  i\\t\\  ^\^  1\\^ 
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thumb-screw,  which  forces  out  and  draws  in  the  object-glasi, 
adjust  this  glass  to  its  proper  fcxjus,  when  the  object,  m  well  ai 
the  cross- wires,  will  be  distinctly  seen  ;  clamp  the  vernier  plate 
and  J  by  the  tangent-screw  i?,  bring  the  intersection  of  the  cro8»- 
wires  exactly  upon  a  well-defined  i>oint  of  the  object- 
Now  move  the  eye  from  side  to  side  across  the  eye-gla^s ;  if 
there  results  any  movement  of  the  cross-wires  away  from  the 
point  sighted,  it  is  evidence  that  the  image  of  the  point  does  not 
fall  exactly  upon  the  plane  of  the  cross-wires,  and  the  objec^glasi 
must  be  again  foeussed,  till  no  snch  displacement  can  be  detected 
This  displacement  is  callefi  ''{jarallax.'' 

Ilaring  done  this,  sight  some  well-defined  point,  or  the  mid* 
die  of  a  pin,  distant  two  or  three  hundred  feet,  and  haring 
clamped  the  horizontal  motions,  revolve  the  telescope  about  its 
horizontal  axis  and  sight  a  pin  in  the  opposite  direction  from  th6 
first  and  at  the  same  distance  from  the  plumb;  now  looeea  tlM 
lower  clamp  and,  revcdving  the  instrument  about  the  verticd 
axis,  sight  the  middle  of  the  first  pin  again,  and  clamp;  rever?« 
the  telescope  upon  the  horizontal  axis,  and  if  it  now  cuts  the 
second  pin,  as  licfore,  the  adjustment  is  correct;  bnt  if  thfi 
intersection  of  the  wires  falls  on  one  side  of  the  second  piOi 
bring  it  back  over  one  qf tarter  of  the  error,  by  the  ciipstan  gcrewi 
on  each  side  of  the  telescope  over  the  cross- wire  ring*  Afi  the 
eye-piece  inverts  the  position  of  the  wires*  the  operation  of  loos- 
ening one  of  the  screws  and  tightening  the  other  on  the  opposite 
side,  must  be  eondnctcd  as  if  to  incj-ease  the  error  obeervrf. 
To  insure  the  accuracy  of  the  adjustment^  repeat  the  wholes 
operation  as  above  described,  until  the  reversals  cut  the  pio9 
exactly. 

186,  The   reason    for   the  above  directions  will  be 
upon  examination  of  Fig.  89. 


Fig.  89. 
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Let  AA'  represent  the 

lino  of  callimation  pro- 
longed both  ways  from  the 
instrument  at  /,  and  enp- 
p05e  that  the  intersection 
falls  at  Bf  the  eross-wires not  being  in  adjustment;  on  reversing 
the  telescope  the  intersection  will  fall  at  B\  as  far  to  the  kfi  of 
A*  Bs  B  wag  to  the  right  of  .1 ;  if  now  we  turn  the  instniment 
180**^  bj  the  horizontid  limb^  the  intersection  will  fall  at  (7,  to 
the  left  of  J,  CA  being  eqnal  to  BA^  and  on  reversal  the  inter- 
eection  will  Ikll  at  C\  C'A*  being  ef^ual  to  A'B'i  if  the  cross- 
wires  be  moved  over  0'A\  the  adjustment  will  be  accomplished. 
But  it  is  not  well  to  risk  introdacing  possible  errors  of  gradua- 
tion of  the  horizontal  limb,  or  errors  of  reading,  into  the  opera- 
tion, and  therefore  instead  oi  turning  the  instrument  througli 
ISO"*,  the  surveyor  turns  till  he  sights  B  the  second  time,  thus 
passing  over  180''±(7J9;  this  causes  C  to  fall  at  C'\  C'C  being 
equal  to  CB,  and  therefore  BC*  must  be  four  times  G'A\  or 
four  times  the  error  of  a<^ijustnient* 

187.  The  adjustment  of  the  horizontal  wire,  which  is  only  an 
approximation  to  perfect  adjustment,  is  accomplished  thus: 
Set  the  zero  of  the  vertical  limb  at  tl>e  zero  of  its  vernier t  r.nd 
clamp;  sight  some  sharply  dciined  point  upon  a  wall  or  staff, 
distant  about  *^Q0  feet ;  uneiamp  and  reverse  the  telescope  ufjon 
itg  horizontal  axis  and  set  the  zero  of  the  vertiier  at  180''  on  tlie 
[Tertical  limb  ;  now^  unclamp  the  lower  eliunp  and  revolvi.'  tho 
instrument  upon  its  vertical  axis  till  the  chosen  point  is  again 
in   the  field  of  view  ;    if  the  point  and  the  intersection  of  the 

is«-wires  do  not  coincide,  correct  half  the  error  by  the  screws, 
moving  the  eross-wire  ring  up  or  down,  and  the  remaining  half 
error  by  the  leveling  screws ;  repeat  the  operations  till  the  error 

wholly  corrected. 


I     in  th 
Hfcross- 


^is  wholly  corrected,  _ 


ttie  hiwi3B<mtol 


^ikt  mOmduihiA 


lad  vitii  tbedutp 

hBTing  tke  fine  of  coUimi' 
fwt  a  ccmTciiieiii  distanci^ 
.  and  note  the  hei^t  cat  by 
■E«  on  tlie  top  of  the  stiki^ 
Hk  wsaMntf  ilBke  is  llie  o|i|WMi»e  directioii  and  a£  tlie  same  d»> 
tjiooe  froiB  Ibe  iaalnment,  mod,  wiilioiit  distorbiiig  tbc  teledcopei 
tftrn  the  fBrtfwrnl  upon  itB  qNudk^  sH  the  staif  tipoo  (be 
itake,  and  dim  in  tlie  gromid  iiaiil  tlia  ttne  height  is  indicated 
ai  io  the  int  obaeiTatioii.  The  top  of  the  two  stakes  iril]  tt^ 
be  in  the  Mme  boriioiital  lioie,  hovefer  modi  the  telescx)pe  mi; 
be  cmi  of  leveL 

Now  remove  the  instntmenl  from  fifty  to  one  handred  feet  to 
one  inde  of  either  of  the  §take^  aod  in  hoe  with  both ;  agaio  Ic^l 
the  instrument,  clamp  the  telescope  as  nearly  horizontal  a^  mij 
be,  and  note  the  heights  indicated  npuo  the  staff  placed  &rst 
iipf»n  the  nearer  and  then  npon  the  more  distant  etake^ 

ir  both  readings  do  not  agrcej,  correct  nearly  the  whole  ettOf 
of  i\w  rfiorf-i  difttiint  reading  by  the  tangent  screw,  and  contin^ 
oorrt'Ctiiip:  an<l  reiiding  until  the  two  readings  agree;  now  pla^ 
a  utake  i\i  a  point  in  Hue  with  the  two  already  fixed  and  abo<" 
one  hundrt^il  IVit  Iwyond  the  more  remote,  and  mark  upon  it  tW 
point  cut  l>y  the  oroHs^wires,  and  mark  also  the  eorrespondinS 
|n)int   npon    llie    nmro  distant   of  tfje   first  two  stakes;    a 
piwjiirig   through    theeo  two  marks  will  bo  a  horizontal  or 


w ^ 

6EC.  L]  BURVE YOB'S    TRAKSIT,  1G5 

line  with  reference  to  tlie  Jir^i  position  of  the  instruraent,  but 
not  with  reference  to  its  present  position. 

Set  the  instrument  again  at  its  first  position,  and  by  the 
tuDgent-ecrew  make  the  readings,  above  or  below  the  mark^,  the 
same ;  the  line  of  collimation  will  now  be  horizontal,  and  the 
bubble  of  the  attached  level  must  be  brought,  very  carefully*  to 
the  middle  of  its  run  by  the  screws  at  the  end  of  the  level  tube. 

ForRTH  Adjustment. — To  make  (he  axis  of  the  vertical  limb 
perpendicular  to  the  axis  of  the  inslrument* 

1B9.  Briuf^  the  interseclion  of  the  cross- wires  of  the  tele- 
scope upon  a  plumb-line,  or  any  well-defined  vertical  object, 
and  move  the  telescope  with  the  thumb-screw  0;  ii  the  inter- 
lection  of  the  cross- wires  continues  on  the  vertical  line,  the  axis 
is  horizon  taL 

Or,  the  adjustment  may  be  effected  thus:  Direct  the  ioter- 
ieetion  of  the  crosa-wires  to  a  well-defined  iioint  that  is  conguler- 
«bly  elevated ;  then  turn  the  vertical  liml),  until  the  cross-wires 
mi  some  other  well-defined  point,  upon  or  near  the  ground; 
molve  the  telescope  on  its  axis,  and  turn  the  vernier  plute  IBO*" ; 
iHea,  if  in  elevating  and  depressing  the  telescope  the  line  of 
coDimation  paj^ses  through  the  two  points  l>eforo  noted,  the  axis 
te horizontal.  If  it  be  found,  by  either  of  the  above  methods,  tlmt 
tl^aii^id  not  horizontal,  it  must  lie  made  so  by  adjusting  the 
BtanJurds  which  support  the  telescope.  One  of  tbei^e  standards 
is  made  adjustable,  and  by  raising  the  standard  at  the  end  towards 
^kich  the  deviation  from  the  vertical  occurs,  or  depressing  the 
*^ther,  the  adjustment  is  made. 


MEASUREMENT    OF    ANGLES. 


190,  To  Measure  with  the  Transit  a  Horizontal  Anglt 
subtended  by  two  objects.  ^Place  the  axis  of  the  iustrumeut 
directly  over  the  point  at  which  the  aiifj^Ic  is  t-o  be  measured. 
This  is  effected  hy  nuniiis  of  a  plumh,  suspended  from 
the  centre  of  the  phtto  which  forms  the  upj>er  end  of  the 
tripod. 

Having  mode  the  hmh  truly  level,  phice  the  0  of  the  vcniier 
at  any  exact  degi-ee  (merely  to  avoid  minutes  and  seconds  io  tin 
first  reading),  and  fasten  the  clamp  screw  Q  of  the  vernier  plate 
Then,  fiicing  in  the  direction  between  the  lines  which  subtend 
the  angle  to  be  measured,  loosen  the  lower  clamp  and  sight  one 
if  the  objocta  very  nearly,  without  wasting  time  in  trjing  to 
re  jjerfect  bisection  by  the  cross- wires ;  tighten  the  loww 
chmip  and  make  perfect  bisection  by  the  lower  tangent  screw* 

This  being  done,  loosen  the  clam]>serew  Q  of  the  veniicr 
plate,  and  direct  the  telesoope  to  the  other  object ;  the  arc 
passed  over  by  the  0  point  of  tJie  veruier,  is  the  measnre  trf  the 
angle  sought ;  the  difference  of  the  two  reatlings  (if  the  0*  of 
the  limb  be  not  passed  in  turning  to  the  second  object)*  is  thfl 
required  angle  ;  if  the  0'  be  passed  over,  then  add  360*  to  th* 
smaller  reading  and  subtract  the  greater  reading  from  this  fioffl. 
Altvatfs  he  careful  to  take  imih  readings  from  the  same  vernier. 

Note  L — In  measuring  horizontal  angles,  it  does  not  mstut 

whether  the  telesco|>e  has  to  he  elevated  ov  depressed  to  sight 

either  or  both  of  the  objects,  since  tfie  telescope  revolves  on  it* 

axis  in  a  vertical  plane,  and  the  augles  measured  are  always  th* 

of»'  'jus  of  the  angle. 
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Note.  2. — When  great  accurticy  is  dt-sircd,  n  i*epetititm,  or 
several  repetitiooa  of  the  measure  may  be  made,  and  a  mean  of 
the  observations  taken  as  thp  true  measure.  {See  Arta.  254, 
255.) 

In  the  measurement  of  vertical  angles,  it  is  necessary  to 
nnderstand,  first : 

1^1.  The  method  of  determining  the  index  error  of  the 
verticiil  limb.  Having  leveled  the  horizontal  limb,  dii-ect  the 
telescope  to  some  distinctly  marked  object,  as  the  top  of  a 
chimney,  and  read  the  instrument.  Revolve  tlje  teleecope  on  its 
axis  and  turn  the  vernier  plate  180°,  and  having  directed 
the  telescope  to  the  same  object  again,  read  the  instrument 
If  the  two  readings  are  tlie  same,  the  limb  [^  adjusted  ;  that  is, 
the  0  of  the  limb  coincides  with  the  0  of  ita  vernier,  when  the 
axis  of  the  tcleseojje  i«  pandlel  to  the  horizontal  limb. 

When  the  reading,  found  with  the  telescope  in  the  lii-st 
position,  u  greater  than  that  obtained  in  the  reversed  poeition, 
the  true  elevation  of  the  object,  which  is  equal  to  a  mean 
of  the  readings^  may  be  obtained  by  snhfracting  half  the 
difference  from  tlie  firnt  rending.  If  the  first  reading  is  less 
than  the  second,  tlie  half  difference  must  be  added  to  the^ 
first.     Hence, 

To  find  the  index  errors  iake  the  reading  of  the  limb  when 
tfft«  telcMcope  is  directed  to  a  fixed  object,  and  thmi  with  the  telescope 
%nd  vernier  p} ate  both  reversed.  Take  half  the  difference  of  these 
feadirtffSf  and  affect  it  with  a  minus  sign  if  the  first  is  the 
frmter^  or  a  plas  sif/n  if  the  ifccoud  is  the  fjreafer  ;  fhis  is  ecfual 
tie  index  error, 

liCt  the  opemtion  be  repeated  several  times,  using  different 
eibjectSj  and  a  mean  of  the  errors  will  be  more  correct  than  the 
"result  of  a  single  obser^-ation.    Then,  second: 

192.  Havins:  determined  the  index  error,  let  the  nxu  of  the 
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ip  the  vernier  plate  and  direct  the  telescope  to  C ;  the 
ing  will  be  tbo  angle  EBC\  the  azimuth  of  BC  with  AB. 
Clamp  the  vernier  plate  and  remove  the  inatrumunt  to  C; 
crerse  the  telescope  on  its  horizontal  axis,  loosen  the  lower 
mip  and  sight  B;  the  horizontal  Hmb  now  hns  its  zero  point 
the  direction  of  QP,  or  its  parallel  AE,  m  it  had  at  B; 
;ighten  the  lower  clamp  and  revolve  tht*  telescope  on  its  axia ; 
anclamp  the  vernier  plate,  direct  the  telescope  to  i>,  and  the 
eading  will  be  the  angle  QCD^  which  CD  makes  with  PQ,  or  its 
dllel  AB,  and  i^  the  azimuth  of  CB  with  AB, 
Clamp  the  vernier  plate  and  remove  the  transit  to  D;  reverse 
he  telescope  on  its  liorizontal  axis,  loosen  the  lower  clump  and 
it  C;  the  limb  will  then  have  its  zero  point  in  the  direction 
S^,  or  its  parallel  AE,  as  it  had  at  Cand  B  ;  tighten  the  lower 
bbmpaud  revolve  the  telescope  on  its  axis;  imclamp  the  vernier 
piftte  and  direc*t  the  telescoji>e  to  E ;  the  reading  will  bo  the 
ogle  TDE,  which  DE  makes  with  TS>  or  its  parallel  EA,  and  ia 
he  azimuth  of  D^'with  AB. 
Proceed  in  like  manner  with  any  number  of  snccessiye 
fcuarse>^. 

If  the  courses  enclose  a  field,  the  reatliiig  at  the  last  station, 
Jaghting  to  the  first  station  occupied  by  the  transit,  should  be  360°. 
The   course   AB,  with   i^espect   to   which    the   azi maths  are 
J,  is  called  the  Meridian  of  the  Survey* 


195.  The  magnetic  bearing  of  a  line  or  course,  is  the  angle 
"fhich  it  makes  with  the  magnetic  meridian,  and  its  true  bearing 
sthe  angle  which  it  makes  with  the  tmc  meridian. 

In  finding  the  area  of  a  piece  of  ground,  it  is  not  necessary  to 
ave  either  the  true  or  the  magnetic  bearing.  It  is  sufficient  to 
htTe  the  bearings  of  the  several  successive  courses  with  respect  to 
[one  of  the  counjea  taken  as  a  ineridian.  These  maybe  found 
the  im  ra  u  1 1 ^  8  as  folio ws : 
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First  fiiippoae  a  iiorth  and  soutb  line,  and 
an  east  and  west  line  to  be  drawn,  and  the 
gniduation  to  be  made  from  0*^  to  SGO"", 
as  represented  in  Fig.  92  ;  let  the  course 
taken  as  the  meridian  be  represented  by  the 
line  NS;  then  when  the  assimuth  of  the 
gecond  course  with  the  first,  or  meridian,  is  leas  than  90*",  it  if' 
the  bearing,  and  since  the  coui'se  lies  between  N  and  JS^  the 
bearing  m  NE ;  when  the  azimuth  is  90"",  the  bearing  is  due 
east;  when  the  azimuth  is  bt»tween  90"  and  180%  the  course 
lies  between  S  and  E^  the  bearing  with  the  first  course,  oi 
meridian,  will  be  SE^  and  may  be  obtained  by  subtracting  the 
azimuth  from  ISC' ;  when  the  azimuth  is  ISO"",  the  l»earing  is  due 
south  ;  w^hen  the  azimuth  is  between  180 ""  and  270%  the  course 
lies  between  8  and  FF,  the  bearing  is,  therefore,  SW,  and  may 
be  obtained  by  subtracting  ISC'  from  the  azimuth;  whexi 
the  azimuth  is  270°,  the  bearing  is  due  west;  when  th& 
azimuth  is  between  270""  and  360%  the 
course  lies  between  iVand  FF,  the  bear- 
ing is  NWy  and  may  be  obtained  by 
subtracting  the  azimuth  from  360% 

For  exam|>le:  Let  AB  (Fig.  93)  be 
taken  as  the  meridian,  and  let  the 
azimuths  of  the  several  courses  with 
AB  be  as  in  the  table;  then  will  the 
bearings  of  the  several  courses  with 
tlii?,  be  aa  noted  in  the 
t 


TABLB. 

SlaUoD. 

AamnUi  with  AB, 

Bearllii;  viMx  AB. 

A 

0° 

North 

H 

93°  30' 

S  86°  30'  E 

C 

175"  30' 

S    4°30'E 

D 

257° 

S77°        W 
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196,    If  it  is  desired  to  find  the  true  or  magnetic  bearing  of  a 

course  from  its  azimutji  with  ii  given  course  taken  as  a  meridian, 

it  maj  be  obtained  by  finding  the  true  or  magnetic  bearing  of 

the  conrae  taken  as  meridian  and  subtracting  it  from,  or  adding  it 

K  to,  the  azimuth  of  tlie  given  course*,  according  us  the  bearing  of 

^  tlie  i^eference  line  is  NW  or  NE ;  the  result  if  les^  than  90''  is 

the  true,  or  magnetic  bearing,  and  is  NB ;  if  more  than  90°  and 

less  than  180%  subtract  it  from  180%  and  the  result  will  be  the 

bearing,  SE;  &o. 

K       For  illustration,  take  the  example  in  the  last  article,  and  let 

^the  magnetic  bearing  of  the  meridian  course,  or  reference  line, 

_      AB,  be  N  31i  W. 


TABLE. 


Sutton. 

AzItunU*  wttb  AB. 

Beuing  wKb  AB. 

lUgnettc  B««rlng. 

A 

0' 

North. 

N  SIJ       W 

B 

93°  30' 

S  86°  30'  E 

N  62^        E 

C 

175"  30' 

S    4^30'E 

S  36°        E 

D 

257^ 

S  77°        AV 

S  45'^  30'  W 

I 

i 


Station. 

Azlmath  wUh  BC. 

Bearing  wfUi  BC\ 

M Agnetic  BeaHsg. 

A 

86^  30' 

93"  30' 

K  31i  W 

B 

0° 

North. 

N  63"  E 

C 

sr 

98° 

S  36°  E 

D 

W2''  30* 

ir  30' 

S  45iW 

I 


I 


If  BC,  of  which  the  magnetic  bearing  is  N  C2°  E,  had  been 
taken  as  the  reference  line,  its  bearing  would  have  been  added  to      I 
the  azimuths  to  obtain  tha  magnetic  bearings  of  the  euecesbive 
eeurses,  as  follows : 


KoTE.— For  6'^  and  jS'17  in  bearing  of  reference  line,  read 
ITFTand  NE,  respect irely,  in  applying  the  aliove  rule, 

!&  I  -^1  ^ . 3 
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To  ftEd  the  True  Meridian  with  the  Transit 

197,  Before  making  the  observations  it  will  benecessmjto 
devise  some  means  by  which  the  cross-wires  may  be  lighted,  tbit 
they  may  he  distinctly  visible. 

To  do  this,  take  a  board  of  about  one  foot  square,  pa«te 
white  paper  upon  it  and  perforate  it  through  the  centre;  die 
diameter  of  the  hole  being  somewhat  larger  than  the  diameter  d 
the  teleseojie  of  the  transit  Let  this  board  be  so  fixed  to  a 
vertical  statT  as  to  slide  up  and  down  freely;  and  let  asmgll 
piece  of  board,  about  three  inches  square,  be  nailed  to  the 
lower  edge  of  it  for  the  purpose  of  holding  a  candle. 

About  twenty-five  minutes  before  the  time  of  the  greatat 
eastern  or  western  elongation  of  the  pole-star^  as  shown  bj  ibe 
table  of  elongations  (sec  Art  164),  let  the  transit  1^  placed  at 
a  convenient  point  and  leveled.  Let  the  board  be  placed  flbont 
one  foot  in  front  of  the  transit,  a  lamp  or  candle  placed  on  the 
shelf  at  its  lower  edge,  and  let  the  board  be  slipped  npof 
down  until  the  pole-star  can  be  seen  tli rough  the  hole.  Tho 
Jight  rellected  from  tlie  paper  will  show  the  cross-wires  in  the 
telescope  of  the  transit 

Then  let  the  vertical  cross- wire  be  brought  exactly  opo*^ 
the  pole-star,  and,  if  it  is  an  eastern  elongation  that  is  to  l* 
observetl  and  the  star  has  not  yet  reached  the  most  east- 
erly point,  it  will  move  from  the  line  toward  the  east,  md  t^ 
reverse  when  the  elongation  is  west 

At  the  time  the  star  attains  its  greatest  elongation,  it  will 
appear  to  coincide  with  the  vertical  cross-wire  for  so^ifl 
time,  and  then  leave  it  in  the  direction  contrary  to  its  format 
motion. 

As  the  star  moves  toward  the  point  of  greatest  elongation* 
the  telescope  must  be  continually  directed  to  it  by  meaDS  <>' 
lie  ^at.rro^it-screw  of  the  vernier  plat^.  *,  awd  ^heu  the  star  hftf 
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attained  its  greatest  eloDgation,  great  care  should  be  taken  that 
the  inatrument  be  not  afterward  moved. 

Next  tuni  the  telescope  very  carefully  upon  ita  horizon  tal 
axis  and  fix  a  peg  in  the  ground,  distant  150  or  200  feet ;  to  do 
this,  let  tbe  light  of  the  lantern  ghine  through  a  small  hole  in  a 
hoard,  across  the  centre  of  whii^h  hole  a  pluml>liuu  hangs,  uud 
Jby  sighting  the  line  thus  seen  the  peg  may  be  Oxed.  Also  mark 
the  point  direotfy  tindur  the  transit  plumb;  the  line  passing 
tbixmgh  this  point  and  the  staff,  makes  an  angle  with  tbe  true 
meridian  equal  to  the  tizimuth  of  the  pole-star. 

From  the  tuble  of  azimuths  (see  Art.  164),  take  the  azimuth 
corresponding  to  the  year  and  nearest  latitude.  If  the  observed 
elongation  was  east,  the  true  meridian  lies  on  the  west  of  the  line 
irhich  has  been  found,  and  makes  witb  such  line  an  angle 
equal  to  the  azimuth.  If  the  elongation  was  west,  the  true 
meridian  lies  on  the  east  of  the  Ihie  found ;  and^  in  either 
CM,  laying  off  the  azimuth  angle  with  the  transit,  gives  the 
true  meridian. 

19&  Another  method  dejiends  upon   the  fact   that  at   the 

e  angular  distances  east  and  west  of  the  meridian  the  alLi- 

todea  of  any  selected  star  are  equal.     Direct  the  transit  to  any 

bright  star  towards  the  south,   and  east  of  the  meridian,  uud 

dump  the  vertical  limb ;   carefully  read   the  horizontal  limb ; 

do  not  disturb   the  ehmip  and   tangent  of  the  vertical  limb  in 

any  way,  but  loosen  the  clamp  of  the  vernier  plate,  and  after  a 

lent  interval  of  time,  two  or  three  hours  perhaps,  as  it  is 

not  good  practice  to  set  the  altitude  when  tlie  star  is  too  near 

the  meridian,  turn  the  plate  upon  its  spindle  towards  the  west ; 

bring  the  star  upon    the  cross-wire  intersection  as  its  fdtitndc 

decreases,  moving  the  t?er?ei^r  plate  ffnli/ ;   it  will  now  have  the 

altitude  as  hefore ;  read  the  horizontal  limb  ;  take  half  the 

difference  of  the   two  readings,   «nd   set   tins  lialf  angle  back 

towards  the  east;  the  line  thus  determined  is  the  meridian* 


APPLICATIONS   TO    HEIGHTS    AND    DISTANCES 


199.  To  detenniiie  the  horizoatal  distance  to  a  poiit 
which  ia  inacceBsible  by  reaBon  of  an  intervening  mcL— 
Let  C  be  the  point  (Fig.  94).  Measure 
along  the  bank  of  the  river  a  hori- 
zon till  base-line  AB,  and  select  the 
stations  A  and  B^  in  such  a  maoner 
that  each  can  be  seeu  from  the  other, 
and  tlie  j>oint  C  from  botli  of  them. 
Then  measure  the  horizontal  angles 
CAB  and  CBA^  with  the  transit* 

Let  us  suppose  that  we  have  measured 

AB  =  600  yards  ; 

CAB^A  -57^35", 

II 

and  CBA  =  J?  =  64"  51'. 

I  Then,  C  ^  180^  ^  (.4  +  B)  =  67"*  34'. 


Fie«  »L 


To  find  the  distance  BC. 

sin  a  :    sin  A     ::     AB   :    BC. 

Applying  logarithni^,  we  haye, 

(a,  c,)  log  sin  <7  (57^  34')  ....  0.073649 
log  sin  J  {57' 35')  .  .  .  ,  9.926431 
log  AB     (600)        2.778151 

log^C     600.11 2.778231 

To  find  the  distance  AC. 

sin  C  :    sin  //    ::     AB    i    AC, 
and  applying  bgarithmi*,  we  have. 


FIB8T     METHOD* 


(a.  cO  lag  8iD  C  {bT  34')       •     .     .     .  0.073649 

,  log  sin  ^(04°  51')       ....  9.956744 

I  logJB     (600) 2.778151 

B  log  AC     643.94 2.808544 

f(»  determiae  the  altitude  of  an  inaccessible  object  above  a 
^^k  given  borizontal  plane. 

200.  Suppose  i>  to  be  an  iniic- 

rible  object,  and  BC  the  horizoa- 
plane  from  which  the  aUitude  is 
b  be  measured ;  then,  if  wc  suppose 
{>Cto  be  a  vortical  line,  it  will  rcpre- 
^nt  the  required  distance* 

Measure  any  horizontal  base-line, 
t  BA ;  and  at  the  extremities  B  and  A,  measure  the  horizontal 
pgles  CBA  and  CAB,     Measure,  also,  the  angle  of  elevation 

I  Then,  in  the  triangle  CBA^  there  will  lie  known  two  angles 
^d  the  side  AB ;  the  side  BC  can  thei-efore  be  found  by 
^eolation.  Having  found  BC^  we  shall  have,  in  the  righU 
pgled  triangle  I}BC\  the  base  B€  and  the  angle  at  the  base, 
V  find  the  perpendicular  DC,  which  measures  the  altitude  of 
)e  point  JJ  above  the  h<>rizontal  plane  BC 

Let  Q8  suppose  that  we  have  found,  by  measurement, 

BA  =  780  yards. 

The  horizontal  angle  CBA  =  5  =  41°  24', 
the  horizontal  angle  CAB  ==  ^  =  96°  28', 
and  the  angle  of  elevation  DBC^  10^  43'. 
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To  find,  in  the  triangle  BGA,  the  harizontal  digtance  BC 

The  angle  BCA  =^  C=  IBO'^  —  ( J  +  5)  —  A'Z''  08'. 
Then,  ^n  C  :    sin.!     ::    AB    :    BC; 

and  apply iug  logarithms,  we  baye, 

(a.  c.)    log  sin  C  (42^  08')       •     .     ,     .  0.173369 

log  sm  A  (96^  28')       ....  9.997228 

log  .4^     (780)       .....  2.892095 

log^C     1155.29  yards   .     ,     .  3.062692 


Ib  the  right-angled  triangle  DCB,  to  find  DC. 

We  have,  from  Theorem  IV, 

R   :    iunDBC    ::    BO  :    DC. 

Applying  logflrithms,  we  have, 

(a.  c.)    logR  (90^)      ....     0.000000 

log  tan  DBC  (10^  43') 
log  BO  (1155,29) 

log  DC 


9.277043 
3.062692 


218.64 


2.339735 


I 
I 


Note  1, — It  might,  at  first,  appear,  that  the  solntioD  givcal 
reritiires   that   the  points   B  and   A    should    be    in    the   samo] 
horizontal   pliine ;    but  it    is  entirely  independent  of    sucl 
supposition. 

For,  the  horizontal  distance  represented  by  BA  is  the  samej 
whether  the  station  A  is  on  the  same  level  with  B^  above  it, 
or  below  it.  The  horizontal  angles  CAB  and  CBA  ai^e  also 
the  same,  so  long  as  tire  point  C  is  in  the  vertical  line  DC 
Therefore,  if  the  horizontal  line  through  A  shonld  cut  the  ver- 
tical line  DCy  at  any  point,  as  B^  above  or  below  C,  AB  would 
still  be  the  liorizoutal  distance  between  B  and  A,  and  AE 
would  be  the  horizontal  distance  between  A  and  C 
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If  at  Ay  we  measure  the  angle  of  elevation  at  the  point  D, 
3  shall  know  in  the  right-angled  triangle  DAE,  the  base  AE 
id  the  angle  at  the  base  ;  from  which  the  perpendicular  DE 
n  be  determined. 

Let  us  suppose  that  we  had  measured  the  angle  of  elevation 
AEy  and  found  it  equal  to  20°  15'. 

First:   In  the  triangle  BAG,  to  find  AC,  or  its  equal  AE. 
sin  6'  :    sin  5    ::    AB   :    AC    or    AE. 

pplying  logarithms,  we  have, 

(a.  c.)    log  sin  C  (42°  08')       ....  0.173369 

log  sin  ^  (41°  24')       ....  9.820406 

log  AB     (780) 2.892095 

log  AE^  768.9 2^85870 

In  the  right-angled  triangle  DAE,  to  find  DE. 

We  have,  from  Theorem  IV, 

R   :    inn  A    ::    AE  :    DE  :    hence, 

(a.c.)    logi?        (90°) 0.000000 

log  tan  A  (20°  15")     ....  9.566932 

log^^     (768.9) 2.885870 

logZ>^     283.66 2.452802 

Now,  since  DC  is  less  than  DE, 
t  follows  that  the  station  B  is  above 

he  station  A.    That  is,  g^.::|.:l.  ~ r:::^'- — ^^c  > 

DE-DC=  283.66  -  218.64  =  \              //>^ 


65.02  =  EC, 
rhich  expresses  the  vertical  distance 
bat  the  station  B  is  above  the  station  A. 
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Note  2. — It  should  be  rememboi-ed  that  the  vertical  distance, 
which  is  obtuined  by  the  calculatiou,  is  estimated  from  a  hori- 
zontal line  passing  through  the  eye,  at  the  time  of  obserration. 
Uence,  the  height  of  the  instrumeut  is  to  be  added^  in  order  to 
obtain  the  true  result. 


SBCOKD     XEtHOD. 


201.  When  the  nature  of  the  gronnd  will  admit  of  it, 
measure  a  biise-line  AB^  in  the  direction  of  the  object  B,  Then 
meaeure^  with  the  instrument,  the  augles  of  elcTation  at . 
and  B, 

Then»  since  the  out- 
ward angle  DBC  ia  equal 
to  the  sum  of  the  augles 
A  and  ADB,  it  follows 
that  the  angle  ADB  ia 
equal  to  the  dificreuce  of 
the  angles  of  elevation  at  J  and  B.  Ileneej  we  can  find  all  the 
parte  of  the  triangle  ADB:  Having  found  DB^  and  knowing 
the  angle  DB{\  we  can  lirid  the  altitude  DC, 

This  method  supposes  that  the  stations  J  and  B  arc  on 
mme  horizontal  plane;  aud  therefore  it  can  only  be  used  wh 
the  line  AB  h  nearly  horizootal. 

Let  ns  suppose  that  we  have  measured  the  bafie-line  and  the 
two  angles  of  elevation,  and  found, 

AB  =  975  yards,  A  =  15^  30',  and  I)BC=  21"  29'; 


reqnind  the  altitude  DC, 


Am,  Z>C=  687.61 
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To  detennlne  the  perpendicular   diataace  of  an  object    below 
a  given  horizontal  plane. 

202,  Supper  C  to  be  directly 
over  the  given  object,  and  A  tlie 
point  through  which  the  horizontal 
plane  i^  gupposed  to  pass. 

Measure    a    horizontal    base-line 

AB,  and  at  the  stations  J  und  B 
conceive    the    two    liorizontal    lines 

AC,  BC^  to  be  drawn.  The  oblique 
lineg  from  J«and  5,  to  the  object,  are  the  hypothenuses  of  two 
right-angled  triangles,  of  which  AC^  BC,  are  the  bases.  The 
perpendiculars  of  these  triangles  are  the  distances  from  the 
horizontal  lines  AC,  BC^  to  the  oliject.  If  we  turn  the  triangles 
about  their  bases  AC,  BC^  uutil  they  become  horizon taJ,  the 
object,  in  the  first  case,  will  fall  at  V\  and  in  the  second  at  C'\ 

Measure  the  horizontal  angles  CAB^  CBA^  and  also  the 
•ogles  of  depression  C'AC,  CBC. 

Suppose  that  we  have  meai5ured^  and  found  AS  =  672  yards  ; 
BAG  =72''  29';  ABC=3r  20';  angle  of  depression  C'AC  = 
Jir  49',  and  C''Ba=ir  10'. 

First:  In  the  triangle  ABC,  the  horizontal  angle  ACB  = 
Im^'^iA^B)  =  180'-111^  49'  =  68^  11', 


To  tnd  the  horizontal  diitance  AG. 
sin  6?'  ;  sin  ^    ::    AB  :  AC;    hence, 

(a.  c.)  logsin  (7  (r>8Ml') 0.032275 

log  gin  B  (39°  20') 9.801973 

log  .4^     (fi72)  ......  2.827369 

log^C     458.  ;9 2,661617 
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To  find  the  hoiizoEtal  distance  BC. 

Bin  C  :  sin  J    ::    AB  :  BC ;    whence, 

(a.  c.)    log  sin  C  (08^  11')  .....  0.032275 

log  sin  A  (72°  29') 9,979380 

log.li?     (672) 2-827369 

log  BO     G9a28 2.839024 


In  the  right>atigled  triangle  CAC,  to  find  CC. 
We  have.  Theorem  IV,, 

i?  :   tan  A    ::    AO  :   CC;    whence, 


(a.  c.)   log  R        (90^)  . 
log  tan  A  (27"  49') 
log^lC     458.79 
log  CC     242.06 


0.000000 
9.722315 
2.001617 
2,383932 


In  the  triangle  CBC,  to  find  GC '. 

We  have,  Theorem  IV., 

R  :  tun  B   ::    BC  :   CC" ;    whence, 

(a.  c)   logiZ        (90°) 0.000000 

log  tan  J?  (19 MO') 9.541061 

log^C7     (690,28) 2^9024 

log  CC   239.93 2.380085 

Hence,  also,    CC  -  CC"  =  242,06  ^  239.93  =  2.13 
kwhich  is  the  height  of  station  A  above  stution  B, 


L  Wanting  to  know  the  distance  between  two  ina 
Ejects,  which  lie  in  a  direct  level  line  from  the  bottom  of  a 
^wer  120  feet  in  beightj  the  angles  of  depression  arc  measured 
bm  the  top  of  the  tower,  und  htl*  found  tu  be,  uf  the  nearer 
Vt  and  of  the  more  remote  25**  30'  ;  required  ibe  disUnce  j 
fetween  the  objects. 


Ans,    173.050  feet. 


%  Id  order  to  find  the  distance  between 
ro  trees,  A  and  i?,  which  could  not  be 
Irectly  measured  because  of  a  pool  which 
pcnpied  the  intermediate  space,  the  dis- 
knoes  of  a  third  point  0  from  each  of  them 
tore  measured,  and  also  the  included  angle 
ICB;  it  was  found  that, 

CB  =  672  yards, 
CA  =  588  yards, 
^C5  =  55°40'; 
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naired  the  distance  AB. 


Ans.    502.9(i7  yards. 


3.  Being  on  a  horizontal  plane,  and  wanting  to  ascertain  the 
ght  of  a  tower  standing  on  the  top  of  an  inaccessible  hill, 

^ere  were  measured,  the  angle  of  elevation  of  the  top  of  tho 
^1  40%  and  of  the  top  of  the  tower  51^  ;  then  measuring  hi  a 
trect  line  180  feet  farther  from  the  hill,  the  angle  of  elevation 

the  top  of  the  tower  was  33"  45' :  required  the  height  of  the 

^er. 

Ans,    83.99a 

4.  Wanting   to   know    the  horizontal   distance  between   two  * 
cessible  objects  E  and  If,  the  following  measurements  were  i 

He; 


5.  Wanting  to  kiiuw  tlie 
horizon ta!  tlistance  belneeu  two 
inaccessible  objects  A  and  B^ 
and  not  finding  any  station  from 
which  both  of  them  could  be 
seen,  two  points  C  and  D  were 
chosen  at  a  distance  from  each 
other  equal  to  200  yardB ;  from  the  former  of  these  pointei 
could  be  seen,  and  from  the  latter  5,  and  at  each  of  the  pointa 
C  and  D  a  staff  wm  set  up.  Fh>m  C  a  distance  CF  was  measured, 
not  in  the  direction  DC,  equal  to  200  yards,  and  from  D  a 
distfimce  i>^  equal  to  200  yards,  and  t!ie  following  angles  taken,^ 

^  AFC  =  83°  00',    BDE  =  54°  30', 
viz.:  J  ACD  =  5a**  30',    BDC  :=  Ib^  25', 
.      ^ACF=U''  31 ',     BED  =  88°  30'. 

A Hs,     AB  —  345.459  jards* ' 

G.  From  a  station  P  there  can  be  seen  three  objects,  A, 
and  C  whose  distances  from  each  other  are  known  :  viz., 

^li?  =  800,     AC=nO0,    and     j56^=:  400  yards. 

Now,  there  are  me^isured  the  horizontal  angles, 

APC=Zri6\    and    BFC=2rZ0*; 

it  •  1  to  find  the  three  distances,  PA,  PC,  and  PB. 
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the  three  given  sides  construct 
igle  ABC.     Then,  at  A  lay  off 
I  BAD  =  22°  30',  and  at  B  the 
BD  =  33''  45',  and  note  2>,  the 
which  the  two  lines  intersect 
igh  the  points  -4,  Z>,  and  By  de- 
e  circumference  of  a  circle,  and 
C  and  D  draw  the  line  CDP\ 
b  P  in  which  it  intersects  the 
rence,  will  be  the  position  of  the  station, 
bserring  the  equal  angles  in   the  figure,  the  trigono- 
solutiou  is  not  difBcult.     We  find, 


Fie.  loa. 


PA  =    710.198  yards. 
Ans.   \PC  =  1042.624      " 
PBz=z    934.289      " 


. — This  problem  is  much  used  in  maritime  surveying, 
purpose  of  locating  buoys  and  sounding-boats.  The 
etrical  solution  is  somewhat  tedious,  but  the  geomet- 
ition  is  very  easy,  as  shown  above. 
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SECTION     III. 
RANGING    OUT    LINES,     ETC, 


I 


204.  To  range  out  a  line  with  the  transit,  place  the  instm- 
mentj   carefully    adjusted,   over   the    lirst    station ;    direct   tJhe 
telescope  to  a  distant  and  well-delined  point  in  the  desired  line» 
aud   clamp   both   the   vernier   piate   and   the    horizontal    limb, 
The  line  of  sight  of  the  teleecope  is  then  in  the  vertical  place 
of  the  given  line,  so  that  points  on  the  surface  bisected  by  the 
intersection  of  the  cross-wires  will  be  in  the  required  line;  h 
an  a^istant,  directed  into  the  line  by  the  observer  at  the  transit,) 
fix  ranging-rods,  or  stokes  conspicuously  marked,  as  far  as  tho 
power  of   the  telescope  extends.      Hemove   the   transit   to  the 
third  or  fourth  stake  from  the  last  set,  and  place  it  preciselj 
over  that  position  by  plumb-bob,  and  adjust  it  for  observation; 
the  telescope  is  ranged  in  the  line  by  sighting  backwards  and 
forwards  to  the  stakes  already  set     The  line  is  then  continued 
as  before* 

If  great  accuracy  he  required,  each  operation  must  be 
repeated  with  telescope  reversed,  as  only  in  this  way  can  error 
in  adjustment  of  cross-wires  be  eliminated.  If  the  sighting 
with  reversed  telescope  does  not  agree  with  the  former  sighting, 
take  a  point  midway  between  the  two  points  sighte<l,  as  a  poiat 
in  the  required  line. 


20S,  A  line  may  he  traced  in  forests  or  plantings,  in  which 
there  are  no  general  surface  obstrnctions,  by  the  aid  of  auxiliary 
parallel  lines- 

In  the  illustration,  Pig.  103,  air,  hb,  cc,  are  the  parallel  lines, 
and  aa^  cc,  the  auxiliary  lines.  ^B  is  a  line  in  which  b  is  a  given 
point.     The  distances  ab,  be,  in  this  line  should  be  measured, 
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iod  also  the  angle  which  bd  makes  with  A£.  The  line  bb  and 
the  auxiliary  lines  should  be  traced  on  this  angloi  until  tbe 
tnoe  of  one  of    the    parallel    lines  be  obstructed  by  a  trei', 


^ec^y^  i  -^''z:ile.- 


S---&^<^h^t^::-  iS- 


Bi 


•^-.J 


&-^ 


CD 


■'^^Cm  h^^  u^^  10-' 


Fio.  108. 

as  hi  at  (1)»  Immediately  on  passing  the  obatrnrtion 
one  of  the  auxiliary  liuei^,  a  liue  should  be  tiw^ed  on  tho 
leaflured  angle  or  its  supplement,  as  may  be  re*|iiirDd,  and 
iced  to  intersect  the  other  auxiliary  line.  The  augle  made  by 
hnea  should  be  measured  at  the  point  of  intersection  to 
fy  the  trace  of  the  intersecting  lines.  From  these  angular 
int«  in  the  auxiliary  lines,  distances  to  the  point  {1),  equal  to 
'  aud  cbr  resiiectiTely,  should  be  measLired  in  tlie  transverse 
le,  and  found  to  meet,  but  not  overlie,  one  another.  Then 
11  the  point  of  meeting  in  the  transverse  Hue  be  a  forward 
ftat  in  the  lint*  bb.  At  a  suitable  distanee  forward  from  wliich 
e  point  (1)  may  be  observed,  a  Uke  determination  of  another 
mi  in  bb  should  be  made.  The  trace  of  the  line  bb  should  be 
kea  upon  these  points  and  continued  in  connection  with  the 
riliary  lines  until  the  trace  of  one  of  the  lines  be  obstructed, 
ch  a^  the  line  aa  at  (2).  The  trace  of  the  obstructed  line 
.oald  be  taken   up   by  measuremt-nts  in   the   transverse  line 
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BiAi,  and  in  a  forward  parallel  line,  and  the  traces  continued  u 
demnhed  above.  In  Uke  manner  the  obstructions  at  (3),  (i), 
&c,,  may  be  passed,  and  tlie  trace  of  the  line  continued  for 
considei-able  distances  with  siifMcient  accuracy  for  moat  practital 
purposes.  Tbe  continued  parallelism  of  the  linos  at  the  meas- 
nred  distance  apart  will  be  a  anfficient  venfic^Htiun  (Stnith'i 
Treatise  on  Land  Surveying.) 

206.  To  measare  distances  by  means  of  the  transit— The 
cross- wire  ring  in  tbe  telescope  of  the  transit  is  often  fitted  with 
an  arrangement  called  '"  Stadia/'  or  **  MitTometer.'* 

The  Stadia,  or  Mi- 
crometer, is  a  oompoiind 
cross- wire  ring  or  dia- 
phragm, shown  in  Fig- 
urcs  104  and  105,  having 
three  horizontal  wires,  of 
which  the  middle  one  is 
cemented  to  Hie  ring  aa 
usual,  while  the  others, 
bb  and  cc^  are  fastened  to 

small  slides,  held  apart  by  a  slender  brass  spring  hoop,  lod 
actuated  by  independent  screws,  dd)  hy  which  the  distance 
between  the  two  movable  wires  can  be  adjusted  to  include  » 
given  space  upon  a  rod,  held  perpendicular  to  the  optical  wi 
in  front  of  the  object-glass,  at  a  distance  from  it  equal  to  itt 
principal  focal  distance. 

When  the  wires  are  thus  adjusfyed  to  include  a  certain  spiMse, 
OS  two  feet  for  instance,  upon  a  rod  placed  at  a  distance  of 
100  feet  from  the  specified  point  on  the  optical  axis,  it  is  foand 
that  they  will  cover  one  foot  at  half  that  distance,  or  four  fed 
at  a  distance  of  *^ 00  feet ;  thus  the  distance  is  proportional  to 
the  space  intercepted  upon  the  rod.     By  adding  to  the  distance 
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g  obtained,  the  priiici[ml  focal  distance  nf  the  object-glass, 
us  the   distance   of  the  object-glass  from  the  middle  of  th 
iontal  asis,  the  distance  of  the  rod  from  the  statioti  can  be 
ined  without  the  use  of  a  chain. 

The  focal  distance  of  the  object-glass  can  be  readily  obtained 
f  sighting  some  very  distant  ohjeet,  being  careful  to  correct 
Dstrumental  parallax  (Art«  185),  aod  then  meusuring  the  dis- 
inc^  from  the  object-glass  to  the  capstan  screws  of  the  eross- 
rtre  ring,  which  call  a ;  now  sight  some  object,  distant  about 
IK>  feet,  and  measure  the  distance  from  the  object-gkas  to  the 
Drizontal  axis,  which  call  ^;  the  sum  of  these,  u-f-A,  will  be  a 
tonstant^  sufficiently  exacts  to  be  added  to  all  distances  obtained 
^  readings  on  the  rod. 

The  spaces  upon  the  rod  used  should  be  equal  to  that  which 
he  instrument  intercepts  at  100  feet  from  the  point  in  front  of 
he  object-glass,  and  should  be  numbered  from  the  bottom  up; 
»ch  space  should  be  eulxlivided  into  hundredths.  The  rod 
hftoM  have  two  moTable  targets,  like  those  u^ed  upon  leveling 
Mb,  and  should  also  be  furnished  with  an  attached  plumb,  or 
evel,  to  insure  iLs  vertical  position,  A  distinct  mark  should  be 
bude  upon  it  at  the  ordinary  height  of  the  horizontal  axis  of 
be  iostrument* 

la  using  the  micrometer,  sight  the  middle  horizoutal  hiiir  to 
k  "height  of  instrument'-  mark,  and  then  direct  the  targets  to 
6  moved  successively  till  they  coincide  with  the  micrometer 
ires,  the  rod  being  kept  vertical.  If  the  telescope  has  been 
fvel  daring  this  operation,  the  distance  given  by  the  rod  plus 
ie  instmment  constant,  can  be  recorded  j  but  if  the  line  of 
'ht  has  been  elevated  or  depressed,  then  from  the  distance 
Ten  by  the  rod,  incloding  the  instrument  constant,  must  be 
btracted  the  product  of  this  distance  and  the  square  of  the 

e  of  the  angle  of  deviation  from  the  horizontal 

If  distances  greater  than  000  feet  are  to  he  measured,  the 
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unit  of  the  rod  mogt  be  leas  th^n  ^^  of  the  standard  distance 
to  aToid  the  tise  of  a  rod  too  long  for  pmctieal  management 

If  the  digtauces  are  to  be  recorded  in  chains  and  liaka.  aefc 
the  stadia  staff  at  66  feet  in  order  to  obtain  it^  nnit,  and  tka 
gradiiate  it  to  this  unit,  and  subdivide  to  hundredths. 

The  gta^rlia  staff  should  be  spiked,  that  it  may  be  thnist  iotoi 
the  ground  to  secure  steadinees. 

The  telescope  should  be  a  good  one,  giving  a  rerj  shtify 
clear  definition  of  objects,  and  the  micrometer  wires  should  be  i«rf 
fine  indeed  in  order  to  seen  re  close  readiugs. 

The  degree  of  accuraey  that  may  be  attained  is  shown  bj  that 
following  table,  deduced  from  that  given  in  **Cours  de  Topo- 
graphic* par  A.  Lehagre^  1881/*  to  which  the  student  is  referred 
for  a  very  lull  description  of  the  method : 


8       10       ri     n 


Focal  length   of    object-glass    in 

inches 6 

Distance   in  feet  which   may  be 

safely  measured      ....     600    800    1000     l:;iOO 
Belative  error  in  horizontal   dis- 

<^™Ce T+Ur      T^F     n^W      TtW 


s 


With  a  telescope  of  ten  inches  focal  length  or  over,  aail 
within  the  above  limitSi  the  stadia  meMurements  are  as  reliaUi 
aa  chain  measurement  a  on  fairly  level  grountl,  and  are  madi 
more  iKtcurate  than  chain  measures  on  bad,  broken  ctjuntit* 
Aa  the  uae  of  the  micrometer  requires  care  and  eonsnracg  timei 
it  is  not  recommended  for  short  distances,  except  on  bad  grouad, 
swampa^  inaccessible  distances,  &c. 

207.  In  connection  with  the  chain  or  tape,  the  transit  kvsA 
to  obtain  horizontal  distances  on  sloping  ground.     The  chainit^ 

made  on  the  *5iirface  of  the  sloping  groimd.  and  not  by 
Mevatii  in  as  described  in  Art.  71 ;   and  the  angle  of 
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the  slope  u  taken  with  the  transit,  by  marking  on  a  rod  the 
Tertieal  distance  from  the  horizontal  axis  of  the  telescoiie  to 
the  ground,  and  sighting  to  this  mark  on  the  rod  held  vertical 
iit  the  end  of  the  line  measured ;  the  horizontal  distance  is  equal 
to  the  measured  distitnce  multiplied  by  the  cosine  of  the  angle 
of  the  slope. 

208.  To  survey  a  line,  such  as  a  road,  boundary  of  an  estate, 
tc»,  tuGiisure  the  angle  of  devlutioii  which  each  line  makes  with 
tlite  preceding  line  prolonged,  or  raeasure  the  azimuths  which 
each  hue  makes  with  the  first  hne  taken  as  a  meridian  (Art,  194), 
and  measure,  also,  the  length  of  each  line  and  offsets  to  prominent 
lobjects.  Care  must  b-e  taken  to  centre  the  instrnraent  exactly 
over  each  angular  point,  lui  any  error  in  centreing  will  cause  an 
en'or  in  the  apparent  direction  of  the  object  tsiglitcd,  which  will 
be  the  greater  the  nearer  the  object  is  to  the  instrument. 

209,  To  survey  the  streets  of  a  town  or  city,  place  the  transit 
«t  the  intersection  of  two  or  more  of  the  principal  streets, 
tliiougb  which  the  longest  lines  of  sight  can  be  had  j  find  the 
angle  which  each  of  the  streets  diverging  from  this  jioint  makes 
with  the  principal  street,  and  find,  ulso.  the  angle  of  slope  of 
Wch  of  the  streets  at  this  point ;  measure,  with  the  chain  or 
itidia-rod,  or  both  as  checks  one  upon  the  other,  the  lengths 
of  the  lines  of  sight,  and  take  off^iet^  to  the  corners  of  all  streets, 
lo  ptihlic  building.^  and  prominent  objects  ;  remove  the  transit 
to  the  next  street  and  take  the  ungles,  angle  of  slope,  measure- 
JD^nts,  and  offsets  as  before,  and  so  continue  till  the  survey  is 
complete. 
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210,  The  figtire  and  area  of  any  piece  of  ground  may 
found  by  begimiing  at  aoy  uue  of  the  ungular  points  and  going 
entirely  around  the  boundary,  meai^uring  tlie  l<?ngt!i  of  the  aidea 
by  chuiii  or  stadia-n>d»  ani]  the  angle  whicli  eat-h  side  makes  with 
the  preceding  side  pro  hinged,  called  Angle  of  DeTiation,  or  the 
azimuths  of  the  several  sides  with  a  given  first  side  as  meridian. 
Let  the  farm  to  be  surveyed  he  the  one  given  in  Article  X2& 
Tx?t   the  side   AS  he   taken   m   the    meridian   of  the   survey. J 
Measure  with  the  transit  the  azimuths!  of  the  several  suceessiTe  ' 
sides  with  ABi  as  directed  in  Art.  194,  and  enter  them  in  fhe 
notes  at  the  left  of  the  station  mark.    In  the  following  illustnition 
both  the  azimuth  and  the  angle  of  deviation  have  been  entered,  i 
though    the  surveyor    would    use  hut  one,   together   with  tbo 
bearings,  which  should  always  be  entered  as  a  check; 


AoitleB  orDeriiiHoti. 

BeaHnga, 

N  30°  35'  E 

dd"  30' 

123^  30' K   I> 

22.89 

(N  87'  5'  E) 
S  S?"  5'  W 

330°  00' 

100^  55^  ^1   C 

A 
1.40 

(S  7°  50'  W) 
NS'E 

7C°  55' 

76^  55'  |/   B 

A 
31,95 

(S  68°  55'  E) 

A 

A 

N68''55"W 

From  the  azimuths  determine  the  bearinge  of  the  seyeral  M 
with  ABj  as  directed  in  Art.  195,  and  let  them  be  m  noted 
on  the  following  page ;  complete  the  table  and  determine  the  area 
as  in  a  compass  survey ; 
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211.  If  tlie  surveyor  does  uot  record  compafis-beamLgSi  u 

advised  to  do  iu  last  article,  the  notes  may  be  kept  in  precuselj 
the  same  mamier  as  ilie  tield  notes  of  the  compass  soney,  at 
shown  in  Article  123— substitu dug  azimuths  for  the  beaHnji 
of  the  several  coLirse.s,  and  angles  instead  of  beuHngs  for  the 
prominent  objects  flighted  to. 

212.  If  the  angles  of  deviation  bad  l>een  measured 
instead  of  the  azimuths,  the  method  of  finding  the  area  would 
have  been  substantially  the  same.  The  azimuths  would  bar^ 
been  determined  from  the  angles  measured,  and  the  v^^x  of  the 
computatiou  would  have  remained  the  same.  The  azirmitli  of 
any  course  with  a  course  taken  as  meridian  may  be  found  from 
the  angles  of  deviation,  thus:  The  azimuth  of  the  coarse  taken 
as  meridian  is  zero;  the  azimuth  of  the  tjccond  course  is  eqwl 
to  its  angle  of  deviation  ;  the  azimtith  of  any  succeeding  coartft 
is  equal  to  the  azimuth  of  the  preceding  course  increased  by  lb« 
angle  of  deviation  of  the  course  itself,  sis  a  simple  diagnitt 
will  show,  if  the  interior  angles  had  been  measured,  tb* 
angles  of  deviation  wonld  have  been  obtained  by  subtwling 
each  interior  angle  from  180°  and  the  method  would  have  been- 


BtftUiHift, 

iDtarior  Angle*. 

Angles  orDevlBtloD. 

'Aiimmhwiak.ia  ' 

A 

98°  55' 

81^  05' 

0 

B 

103°  05' 

76"  55' 

76"*  55' 

C 

380°  55' 

— lOO""  55' 

(-24")  336° 

D 

56°  30' 

123**  30' 

99°  30' 

¥j 

168°  30' 

11^  30' 

111° 

F 

135° 

45^ 

156° 

G 

151°  35' 

28**  26' 

184°  25' 

H 

18G°  30' 

-G'^  30' 

177°  55' 

I 

136" 

44^ 

221^  55' 

K 

las" 

57° 

278°  56' 

The     othff 
eolumnetf 

before. 
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213.  WJien  an  angle  of  deviatign  lies  withiu  the  boundary  of 
ihe  survey,  as  at  C>  (see  page  8T),  it  must  be  culled  negative  j 
[flien  it  lies  without  the  boundary,  it  is  an  exterior  angle  of  tlie 
polygon  and  is  positive.  The  azimuth  obtained  by  the  rule  may 
be  UDgative  (as  it  ia  in  the  case  of  the  course  CD) ;  but  ae  the 
tiimuth  must  be  positive,  360°  must  be  added  to  the  negative 
mult  obtained  to  get  the  true  azimuth. 

The  algebraic  sum  of  the  angles  of  deviation  should  bo  equal 
to  or  differ  but  little  from  3f>0°,  which  fact  serves  to  check  the 
corret-tnesfi  of  the  angles  recorded. 

214.  Where  all  the  comers  of  a  field  may  be  seen  from  one 
jl them,  the  area  may  be  determined  as  follows; 

Place  the  transit  over  the  point  A^ 
Fig.  106,  from  which  the  other  comers 
maybe  seen,  and  ni ensure  tfie  angles  BACj 
CAD,  and  DA  E.  Measure  the  lengths  of 
the  diagonals  AC  mi  A  AD^  and  of  the 
Mes  AB  and  AE*^  then  the  areas  of  the 
Wangles  ABC,  CAD,  and  DAE,  may 
^  separately  found  from   the   principle 

ilmt  the  area  of  a  triangle  is  equal  to  half  the  product  of  two 
■ides  and  the  sine  of  their  included  angle  ;  the  sum  of  the  areas 
rt  the  triangles  is  equal  to  the  area  of  the  tield. 

215.  li  a  description  of  the  projierty  is  also  required,  the 
Hiariug  of  some  one  of  the  lines  must  be  taken,  and  from  this 
*ftd  the  recorded  angles  and  distances,  the  **  Bearings  and 
Coarses'-  may  be  computed. 

216.  Where  all  the  corners  of  the  field  may  be  seen  from  a 
|>oirit  within,  as  A^  Fig.  107.  Place  the  transit  over  the  point  A  ; 
Measure  ihQ  angles  BACy   CAD,  &c.,   at  A,   and   the  length 


I 


of  the  lines  AB,  AC,  &a,  from 
A  to  the  several  corners  of  the 
field ;  find  the  areas  of  the  tri- 
angles BAC\  CAD,  &c.y  ns  in 
the  last  article,  and  add  them 
together.  If  the  boundary  is 
ii'regular,  as  represented  in  the 
figiirej  measure  offsets,  calculate 
the  contents  of  these  smaller 
portions  separately,  and  add  or 
eubtnict  them  aa  may  he  oecessaryj  to  find  the  true  area  rf 
the  tract 


FlQ.  107. 


217*  — B  X  A  M  P  L  E  S  . 

1.  Ee<|uired   the  contents  and  plot  of  a  piece  of 
which  the  following  are  the  field  notes ; 


autiou. 

Azlmntlu  wlUi  AB. 

I>l>tucei. 

A 

0' 

15.8  c1). 

B 

34" 

17.4 

C 

70'  30' 

32.56 

D 

164°  30' 

14.88 

E 

189° 

24.96 

F 

230° 

14. 

G 

279°     * 

32.8 

A 

360° 

2.  Required  the  eonteuti*  and  plot  of  a  piece  of  land^  of  wbi^ 
the  following  are  the  field  notes  : 


'1 
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Slationii. 

Interior  Ani^. 

DUtMOM. 

A 

92°  30' 

31.80  ch. 

B 

94°  30' 

2.08 

C 

155°  15' 

2.21 

D 

179°  30' 

35.35 

E 

94°  15' 

21.10 

F 

104° 

31.30 

Bequired  the  area  of  a  piece  of  land,  of  which  the  foUow- 
leasurements  were  made : 


AB  =  20  chains 

AC  =  22.57 

AD  =  28.64 

AE  =  40.80 

y 

AF  =  30.95 

/, 

BAC    =  37° 

< 

CAD    =  46°  45' 

\ 

DAE   =  42°  15' 

ir 

EAF  =  26° 

P 

sets  from  the  line  AB 

were  taken  as  tollo' 

At  3.00  ch. 

Ji  ofifset  2.50  ch 

«   6.50  « 

«      0.00   " 

"   9.50  « 

/.      "      l.CO    " 

"13.00  « 

L      "      2.00   " 

"16.00  " 

L      "      1.40   « 

"20.00  " 

«      0.00   " 

Fxa.  108. 
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SECTION     I. 

OF     DIVIDING     LAND, 

218.  The  surveyor  is  often  required  to  lay  off  a  f 
quantity  of  land,  in  such  a  way  that  its  bounding  hues  M 
form  a  particukr  figure,  viz.,  a  square,  a  rectangle,  a  triimgtey 
&a  He  is  also  often  called  upon  to  divide  given  pieces  d 
land  into  parts  containing  given  areas,  or,  into  areas  beuriflg 
certain  relations  to  each  other. 

The  mauner  ol  making  such  divisions  must  always  dcpeuJ 
on  a  skilful  and  judicious  applicatiou  of  the  principles  rf 
geometry  and  trigonometry  to  the  particular  case. 

For  example,  if  it  were  required  to  lay  out  an  acre  rf 
ground,  in  a  square  form,  it  would  be  necessary  to  find,  by 
calculation,  the  side  of  such  a  square,  and  then  trace,  on  tte 
ground,  a  figure  bounded  by  four  equal  sides  at  right  angte 
to  each  other. 


219.    To  lay  out  a  given  quantitj  of  land  in  a  square  form^ 

RrLE.^ — Red  nee  the  ^iven  area  to  square  chains  0^ 
square  rods  :  then  extract  the  square  root,  and  the  tcmU 
will  be  the  sid^  of  the  required  square*  This  sqiK^^ 
being  described  on.  the  ground,  u'ill  be  ths  figure  required* 


I 


220.    To  lay  out  a  given  quantity  of  laud  in  a  rectangular 
form,  when  one  of  tJie  sides  of  tke  rectangle  is  giveiL 

Rl'LE.^ — Divide  the  given  area,  reduced  to  sffuare  chains 
ar  square  rods,  by  the  given  side  of  the  reqtdred  rectangle, 
and  the  quotient  uill  be  the  other  side*  Tlien,  trace  the 
rectangle  on  the  ground. 


221.  To  run  a  line  &oni  tlie  vertex  of  a  triangular  field  wMcli 
shall  divide  it  into  two  parts,  having  to  each  other  the 
ratio  of  m  to  h. 

Let  ^4^6'  be  any  triangulai*  field. 
Divide  the  side  BC  into  two  parte, 
that  (Geom.,  Bk.  IV,  Prob.  I) 

BD  :  DO  ::  m  I  n; 


ad  draw  the  line  AD\ 
then  will  ABD 


DAC  ::  mm. 


\  For,  tbe  two  triangles  ABD,  ADC,  having  the  same  alti- 
tude, are  to  each  other  as  their  bases  (Geom,,  Bk.  IV,  P.  6,  C.) ; 
lience,   the  triangle  ia  divided  into  parts  having  the  ratio  of 

ifji  to  n. 


222.    To  run  a  line  parallel  to  one  side  of  a  triangnlar  field, 
that  shall  form  with  the  parts  of  the  two  other  sides  a 

triangle  equal  to  the    -  part  of  the  field. 

B 

Let  CBA  represent  a  triiingn- 

lar  field,  and  CA  the  side  parallel 
which  the  dividing  line  is  to  be 
drawn. 

On  the  side  BC,  take  Z?^  equal  fiq.  no. 
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to  BC  r  ~,  and  on  the  side  BA,  take  BF  equal  to  BA  ^^\ 

the  line  EF  is  the  line  required ;  for,  since  it  dirides  the  sidif 
^C'and  BA  proportionally,  it  is  |)arallel  to  the  side  CA  (GeoBL, 
Bk»  IV,  P,  XVI)  ;  and  from  the  similar  triangles^  we  \An 
(Geom.,  Bk  IV,  R  XXV), 

BEF  t  BCA   ::  BE^  :  5(7* 

BEF  :  BCA 


or 


hencQ, 


m  :  ft 


m 


BEF  =  -  BCA. 
n 


Example* — Let  it  be  required  to  divide  the 

triangular  field  CABy  in  which  ^C=:9ch,, 
AB  =  11  eh*,  and  CB  =  7  ch.*  into  two  sncli 
parts  that  ADE  shall  be  one-fourth  of  the 
whole  field. 


In  thia  cafie,  we  have, 

m  =  U    w  =  4,    and    ^/^  =  $/^  :^  ^  ; 
henoe,         AE  =  4:  dh.  bO  l,    iind    AD  =  5  ch.  50  I 
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223.  To  run  a  line  from  a  gi¥en  point  iu  the  boEBdar;  of  ^ 
piece  of  land,  so  as  to  cut  off,  on  either  side  of  the 
line,  a  given  portion  of  the  field. 

Make  a  complete  survey  of  the  field,  by  the  rules  alrca^i) 
given.  Let  us  take,  as  an  example,  the  field  whose  area  ^ 
computed  in  Ex,  1,  Art  140.  That  field  contains  105  .4/2 J?* 
aa  R,  and  Pig.  113  is  a  plot  of  it. 

Let  it  now   be   required   to   mo  a  line  from  station  A  io 
such  a  manner  as  to  cut  off,  on  tlie  ieft,  any  Jjart  of  the 
say,  i^6  A,  2  R.  U  P. 
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It  IB  seen,  by  exam- 
ining the  field,  that  the 
division  line  will  proba- 
bly terminate  on  the 
course  CD.  Therefore, 
draw  a  line  from  A  to 
C,  which  we  will  call 
the  first  closing  line. 

The     bearings    and 
lengths  of  the  courses  AB,  BCy  are  always  known,  and  in  the 
present  example  are  found  in  the  table  Art  140,  Ex.  1 ;  hence, 
the  bearing  and  distance  from  Cio  A  can  be  calculated  by  Art 
142  ;  they  are,  in  this  example. 

Bearing,  S  9°  28'  E ;    Course,  23.22  ch. 

Having  calculated  the  bearing  and  length  of  the  closing 
line,  find,  by  the  general  method,  the  area  which  it  cuts  off; 
that  area,  in  the  present  case,  is  14  .4.  0  R.  26  P. 

It  is  now  evident  that  the  division  line  must  fall  on  the 
right  of  the  closing  line  AC,  and  must  cut  off  an  area  ACH, 
equal  to  the  difference  between  that  already  cut  off,  and  the 
given  area;  that  is,  an  area  equal  to  12  J.  2  /?.  5  P. 

Since  the  bearing  of  the  next  course  CD,  and  the  bearing 
of  the  closing  line  ^(7  are  both  known,  the  angle  ACD  which 
they  form  with  each  other,  can  be  calculated,  and  is  in  this 
example,  79°  32'.  Hence,  knowing  the  hypothenuse  AC,  and 
the  angle  ACO  at  the  base,  the  length  AO,  the  perpen- 
dicular let  fall  on  the  course  CD  can  be  found,  and  is  22.82 
chains. 

The  base  of  a  triangle  is  equal  to  its  area  divided  by  half 
the  altitude.  Therefore,  if  the  area  12  A.  2  5.  5  P.  be  ro. 
dnoed  to  square  chains,  and  divided  by  11.41  cVi^VEi%,  ^ 
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is  half  the  perpendicular  A6\  the  quotient,  which  is  10.95 
chains,  will  be  the  ba^e  CIL  Hence,  if  we  lay  off  from  C,  on 
CD,  a  distance  Oil,  equal  to  10.95  chains,  and  then  run  the 
line  Ally  it  will  cut  off,  from  the  land,  the  required  area,  viz.. 


20  J,  2  E,:n  P. 

Note  L— If  the  part  cut  off  by  the  Urst  closing  lins 
should  exceed  the  given  area,  the  division  line  will  fall  on  the 
left  of  A  a 


I 


t 


Note  2. — If  the  ditference  between  the  given  area  and  the 
first  area  cut  off,  divided  by  half  the  perpendicular  AG,  gives 
a  quotient  larger  that  the  course  CD;  then,  draw  a  line  from 
A  to  D,  and  consider  it  as  the  first  closing  line,  and  let  fall  a 
perpendicular  on  DE, 

XoTE  3. — Wiien  th«  point  from  which  the  division  line  is  to  J 
be  drawn  falls  between  the  extremities  of  a  course,  divide  the 
conrso  into  two  parts,  at  this  point.     Then  consider  one  of  the' 
part«  as  an  entire  course,  and  the  other  as  forming  a  new  course, , 
having  the  same  bearing.     The  manner  of  making  tlie  calco 
tion  will  then  be  the  same  as  before. 


224.   To  cut  off  from  a  ield,  a  given  area,  by  a  line  numiiLgJ 
In  a  given  direetion. 

In  this  C4ise,  as  io  the  previous  one,  a  complete  and  cor 
survey  is  first  necessary.    Then,  when  the  whole  area  is  known,  j 
the  position  of  the  line  may  be  approximately  determined  by  the 
inspection  of  a  correct  map  of  the  whole. 

We  will  take,  for  illustration,  Example  4,  Art,  140,  of  which' 
F-'*  1^:^  is  the  plot. 
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Let  it  be  required  to  cat  off  from  this  area,  50  acres,  by  a 
line  whose  bearing  shall  be  S  60**  E,  or  N  60°  W. 

We  will  make  a  trial  of  a  line  starting  at  25  chains  from 
station  6,  on  the  6th  coarse.  We  will  call  this  station  A^  and 
the  trial  line  ylJ9. 

In  order  to  determine  if  the  area  cut  off  is  equal  to  the 
required  area,  we  must  first  determine  the  length  of  AB  and 
of  B6.  These  cannot  be  determined  by  the  method  of  sup- 
plying lost  notes. 

We  must  first  calculate  the  length  of  a  line,  starting  at  the 
proposed  point,  and  running  to  the  station  nearest  to  the  other 
extremity  of  the  closing  line.  In  this  example,  from  ^  to  5. 
This  is  easily  found  to  be  36.406  chains,  and  its  bearing 
N  81°  13'  E. 


Fio.  113. 


Now,  in  the  triangle  AB5wb  have  one  side  and  the 
to  find  the  remaining  parts.  AB  is  found  to  be  2S,SS  chains 
and  B5  to  be  22.81  chains,  Wc  have  now  the  complete  field- 
notes  of  the  area  cut  of!. 


A 

S   60'    E 

•->8.88  ch. 

B 

N  28J"*  E 

22.81 

5 

N  57°    W 

21.10 

6 

S  47°    W 

25,00 

The  area  is  fonnJ 
to  be  58.5059  mvM. 


It  now  Remains  t«  move  this  line  northerly,  sothattUeawa 
contained  between  its  present  position  and  the  new  one  sliall  be 
equal  to  8.5029  acres. 

Supiwsc  the  lines  A  6  and  B  5  be  prolonged  till  they  meet  i 
some  point,  as  F,  Fig.  114. 

Calculate  J  F  and  B F,  also  the  area  AB F. 
AV  is  fonnd  to  be  92.10  chains  and  i^F  88.18 
chains.  The  area  of  the  triangle  AB  F,  is  127.20 
acres*  Let  MN  represent  the  line  sought 
Thcn»  we  have  two  similar  triangles,  with  all 
the  sides  of  itjc  one,  and  tlie  areas  of  each, 
known  ;  fui%  F;l/3^  must  contain  8.5020  acres  less 
than  AVB.  Then,  AM  and  BX  are  easily 
determined. 

The  complete  notes  of  the  area  to  be  cut  off,  are 


-^ 


FM.lIi 


M 

S   60'    E 

27^9 

N 

N  28|°  E 

19.83 

5 

N  57°    W 

21.10 

C 

S    47°    W 

- 

21.87 

Note. — Fields  are  so  Tariously  plia|>ed  that  it  is  difficult  to 
give  rules  that  will  apply  to  all  cases.  It  is  by  practice  alone 
that  facility  is  obtaiiifd  in  that  braDch  of  snrreying  relating  to 
the  diTision  of  estates,  We  have  giroii  only  a  few  examples 
that  may  serve  as  general  guides  in  the  application  of  the 
principles  of  Plane  Geometry  to  such  cases  as  may  arise. 
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PUBLIC     LANDS    OF    THE     UMITED     STATES. 

225.  Soon  after  the  organization  of  the  government^  several 
uf  the  States  ceded  to  the  United  States  large  tnu-ts  of  wild  land* 
and  these^  together  with  the  laiida  since  acquired  hy  treaty  and 
purchase,  constitute  the  public  lands,  or  public  domain.     Tliese 

iinds  were  at  first  parceled  out  without  reference  to  any  general 
plan,  in  consequence  of  wliich  the  titles  often  conflicted  with 

[each  other,  and  in  many  ciLses,  several  grants  covered  tlie  same 
area.     Through  many  years  of  labor  and  cx|>eriment,  the  present 

lidmimble  system  has  been  wrought  out, 

226.  This  system  is  briefly  that  the  terntory  to  be  surveyed 
ball  be  divided  by  true  north  and  south,  and  east  and  west  lines, 
ito  tracts,  each  of  six  miles  square  and  containing  as  near  as 
lay  be  23,040  acres,  called  Townships;  each  township  into 
iirty*six  tracts,  each  of  one  mile  square  and  containing  as  near 

'us  may  be  640  acres,  called  Sections ;  and  each  section  into 
halves,  quarters,  and  smaller  portions,  as  may  be  deemed 
expedient 


22T   In  the  survey^  all  primary  lines  north  and  south  arc 


o#  MrmTETtso, 


twOK  f  , 


of  knginide,  and  mil  |»iiitazT  lined  eastiad 
B  poptttdicaiais  to  the  iiieridian& 
fc  iaxpot^mo^  then,  thmt  mendians  of  longitiide 
t  and  that  lines  perpendieakr  to 
>  ndi  c^nai  proosiiMi. 
The  ocdinaiT  Smmmmm  Oooqittai  i%  for  seTenJ  neaBaos,  mi 
iHj  aminle  Ibr  the  work  of  muDing  o«t  the  standard 
tovQdaip  iiiies,  and  sadi  lisea  most  be  mo  by  Burt's  Scdir 
Dompaas,  **  or  other  tastraiiieiil  of  equal  atilitr.'' 

228.  The  Solar  Compaaa  for  detennimog  a  true  meridiin 
wa*  invent*?*!  by  WQlmm  A.  Burt,  of  Michigan,  and  patented  by 
him  in  183(x  It  k^  been  improred,  by  him  and  others,  from 
tiine  to  time  suioe^  and  in  ita  pKaent  stat^  u  repreeeoted  sad 

libed  in  Appendix  A. 

229.  In  commencing  the  diridoo  of  the  public  kodi  is 
UDsurreyed  territory,  an  initiid  point  is  selected,  with  refmnee 
to  ita  conrenience  in  making  the  enrvey,  peq>etusted  if  i 
fiubetautial  monnment  suitably  marked,  and  ita  true  po€Jtion  ifl 
latitude  and  longitude  determined. 

230.  From  the  initial  point  the  princiv>al  base  line  J8  ran 
out  due  east  and  we^t  with  the  solar  compass,  and  perraaoeDtly 
marked  at  each  40  chains,  or  half  mile»  with  a  quarter-section 
comer,  and  at  each  80  chains,  or  mile^  with  a  section  corner. 

23X  The  principal  meridian  is  then  run  ont  due  north  «d 
south  from  the  initial  point,  and  also  marked  with  montimeots 
at  intervals,  like  the  baae  line, 

232.  As  meridians  of  longitude  converge  toward  the  poles, 
the  distance  between  two  snch  meridians  decreases  as  ^ 
Burvoyor  <joes  north*  To  eoiintemet  the  error  that  would  other- 
wise vomU  from  the  convorgeney  of  meridians,  and  also  to  arrest 
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TTQt  arising  from  ina^cumoles  in  measurementa  on  meridmn 
lines,  standard  parallels^  or  correction  lines,  are  run  ea^t  and 
west  from  the  principal  meridian  and  at  stated  intervuk  On  the 
fmrlh  of  the  principal  base-line,  about  latitude  ^h""  north,  these 
standard  pamllels  are,  in  general,  rim  at  distances  of  every  yb«r 
townships,  or  twenty-four  miles^  and  souih  of  the  principal  hairc, 
at  distances  of  every  five  townships,  or  thirty  miles.  Each  of 
tiifise  standards  is  run  out  and  marked  in  the  Bame  way  as  the 
principal  base,  and  forms  the  base  for  laying  out  the  townships 
north  to  the  next  standard  parallel  The  standards  are  num- 
bered according  to  their  position  with  respect  to  the  principal 
bafle-line,  as  let  Standard  Parallel  South,  2d  Standard  Parallel 
South,  Ist  Standard  Parallel  North,  &c. 

233,  The  principal  meridian,  the  base-line,  and  the  ehindard 
parallels  having  beeu  first  rnn,  measured,  and  marked,  and  the 
comer    boundaries    thereon    established,   tlie    exterior    lines  of 

ihipB  are  then  run,  measured,  and  marked. 
The  townships,  consisting  of  a  serica  of  townships  lying  along 
a  parallel^  are  numbered  north  or  south  of  the  principal  base; 
the  first  series  north  of  the  base  being  Township  1  North,  the 
nd  series  north  being  Township  2  North,  &c. ;  and  the  first 
Series  south  being  Township  1  South,  &c.;  these  are  designated 
T,  1  N.,  T.  2  N.,  T,  1  8.,  &c. 

The  ranges,  consisting  of  tiers  of  townships,  are  numliered  from 
the  principal  meridian  l>oth  ways;  the  first  tier  west  of  the 
meridian  being  Range  1  West,  the  first  tier  east  being  Range  1 
East,  &c.;  designated  R.  1  W.,  li  1  K,  4e. 

234.  The  accompanying  map,  from  the  IT,  S.  Gcneml  Lund 
[•Office,  representing  a  considerable  portion  of  the  State  of 
I  Arkansafif  will  serve  for  illustnxtion. 

The  principal   meridian   in    this   survey   is    called    the    5th 
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meridiaQ,  and  passes  through  the  jHjiut  of  junction  of  the  White 
ri?er  with  the  Mi&gissippi.  The  principal  base-line*  running  ea«t 
and  west,  intersects  this  meridian  a  little  to  the  east  of  White 
river ;  and  from  the  meridiau  and  base-line^  reckoned  from 
this  jjoint  of  intersection,  all  the  ranges  of  townships  are 
kid  off. 

For  example,  1  North,  will  apply  to  all  the  townships  lying  in 
the  first  row  north  of  the  base*line  ;  1  Sooth,  will  apply  to  all  the 
townships  in  the  first  row  sonth  of  the  base  line,  Bange  1  EmU  will 
apply  to  all  the  townsliips  lying  in  thv  first  tow,  east  of  the  5th 
meridian  ;  and  Range  1  West,  will  apply  to  all  lying  in  the  first  row 
I  to  the  west  of  it.  The  small  figures  designate  the  rows  of  town- 
ships^  reckoned  north  and  south  from  the  base-line,  and  the  ranges 
reckoned  east  and  west  from  the  5th  meridian.  Thus  Township 
1  North,  Range  4  West,  has  its  exact  place  designjitecl,  and  may 
he  immediately  located. 

235.  The  diagram  here  given  (Fig,  lit!),  from  the  ** Instruc- 
tions to  the  Surveyorfc-Gcneral  of  Public  Lands  of  the  Fnitod 
States/^  represents  the  required  method  of  running  out  township 
lines. 

In  the  diagram,  the  upright  fignres  (miide  thus,  1,  2,  3) 
commencing  near  the  Principal  Meridian  and  Base  Line  with 
No.  1,  indicate  t!ie  perambulations  of  the  Surveyor  in  rnnning 
the  Townships  and  Correction  lines. 

The  Correction  or  Standard  lines  north  of  the  base  arc  every 
four  townships,  and  south  of  the  base  every  five  townships. 

The  excess  or  deficiency  of  measurement  on  northern  and 
southern  boundaries  is  thrown  on  the  westernmost  half-mile. 

The  measurements  between  merifliaii  lines  will  of  course, 
always  yary  according  to  the  latitude  of  the  gurvey,  besides 
being  liable  to  be  rentlered  inexact  where  the  country  is  very 
hilly  or  broken.     The  convergency  of  tht>  range  lines  as  shown 
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236.  The  **Iiish'uctions  to  tlie  Siirveyors-GeDeml  "  forma* 
iiing,  mojiNiiring,  aud  markiDg  the  exterior  lines  of  townships 
ore  on  follows:  
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Townships  situated  Worth  of  the  Base  Line  and  West  of  the 
Principal  Meridian. 

Comraenee  at  No,  1  (see  figared  on  the  diagram,  Fig-  11€), 
being  the  southwest  comer  of  T.  1  N. — R.  1  W.,  aa  established  on 
tlie  base  line ;  thence  north  on  a  true  meridian  line,  four  hun- 
dred and  eighty  chains  (6  miles),  establishing  the  section  and 
quarter-section  corners  thereon,  as  per  instructions,  to  No,  2, 
whereat  establish  the  corners  of  Tpa.  I  and  2  N* — ^Rs.  1  and  2  W. ; 
thence  east»  on  a  raudom  or  trial  line,  setting  temporary  section 
and  quarter-section  stakes  to  No.  3,  where  meiisure  and  note  the 
diHtance  at  which  the  line  intersects  tbe  eastern  boundary,  north 
or  south  of  tbe  (rut  or  established  comer  Run  and  measure 
westward,  on  the  true  line  (taking  caro  to  note  all  the  land  and 
water  crossings,  &c.,  aa  per  instructions),  to  No,  4,  which  is 
identical  with  No.  2,  establishing  the  section  and  quarter-section 
permanent  corners  on  said  line.  Thence  proceed  in  a  similar 
manner  from  No.  4  to  No.  5,  No.  5  to  No.  0,  No.  6  to  No.  7,  and 
so  on  to  No.  10,  the  southwest  corner  of  T.  4  N, — R.  1  \\\ 
Thence  north,  still  on  a  true  meridian  line,  establishing  tlie 
mile  and  half  mile  coniers,  until  reaching  tbe  Standard  Par- 
allel or  correction  line  ;  throwing  the  excess  over,  or  deficiency 
Tinder  four  hundred  and  eighiij  chains^  on  tbe  last  half  mile, 
,ccording  to  law,  and  at  the  intersection  establishing  the 
Closing  Comer/'  the  distance  of  which  from  the  standard 
comer  mnst  be  measured  and  noted  as  required  by  the  instruc- 
tions. But  shoukl  it  ever  so  happen  that  some  impassable  bar- 
rier will  have  prevented  or  delayed  the  extension  of  the  standi ard 
parallel  along  and  above  tbe  field  of  the  present  survey,  then 
the  deputy  will  plant,  in  phice.  tlie  corner  for  the  township, 
subject  to  correction  thereafter,  should  such  parallel  be  ex- 
tended. 
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Nortli  of  the  Base  Line  and  £ast  of  tlie  Prl&olpal  HeridiAH 

ConimeiK  e  at  No.  I,  being  the  southemi  corner  of  T.  1  N*— 
R,  IE.,  and  proceed  as  with  townships  situated  *' north  aod 
west,"  except  that  the  random  or  trial  Jinea  will  be  run  and 
measured  west,  and  the  true  lines  east,  tlirowing  the  excess  over 
or  deficiency  under  four  hundred  and  eighty  chains  on  the  mti 
end  of  the  line,  as  required  by  law  ;  wherefore  the  sur? evor  will 
commence  his  measurement  with  the  length  of  the  deficient 
or  excessive  half -section  boundary  on  the  west  of  the  towoBbip^ 
and  thus  the  remaining  measurements  will  all  be  even  miles  and 
half  mi  lea. 

237*  In  running  ramhm  township  exteriors,  if  8uch  random 
lines  fall  short  or  over-run  in  length,  or  intei'sect  the  eastern  or 
western  boundary,  as  the  ease  may  be,  of  the  toimsbip,  at  more 
than  three  chaitts  and  fifty  links  north  or  south  of  the  trot 
comer,  the  lines  must  be  retraced^  even  if  found  necessary  to 
re-measure  the  meridional  boundaries  of  the  township, 

238  The  exterior  lines  of  townships  having  been  eslaMisW 
and  duly  marked,  each  township  is  divided  into  36  sqnareSp 
called  Seotions,  by  meridians  one  mile  apart,  and  by  ea^t  and 
west  lines  at  the  same  distance  from  each  other.  The  sections 
of  a  township  nw  numbered  from 
1  to  30,  beginning  at  the  north- 
east angle  and  proceeding  as  shown 
in  the  annexed  diagram  : 

To  describe  a  section  accurately, 
we  say,  for  example,  section  num- 
ber 5,  10  township  number  4  north, 
in  range  3  west  of  a  known 
meridian. 

239.   The  sections  are   divided  fio.  in. 
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into  half-sections,  quarter-sections,  and  even  into  eighths  of 
sections.  The  following  table  shows  the  contents  of  a  township 
md  its  sabdiTisions : 

1  township  =    36  sections  =  23040  acres. 
1  section      =  640  acres. 
^  section      =  320  acres. 
J  section      =  IGO  acres. 
i  section      =     80  acres. 

240.  As  any  excess  or  deficiency  of  measurement  is,  by  law, 
to  be  thrown  on  the  extreme  tier  of  sections  and  half-sections 
contiguous  to  the  north  and  west  boundaries  of  townships,  such 
sections  and  half-sections  are  sold  as  containing  only  the  quan- 
tity expressed  in  the  returns  and  plots,  respectively,  and  all 
others  as  containing  the  complete  legal  quantity. 

The  government  surveyors  are  rarely  required  to  subdivide  a 
lection  into  quarters,  as  that  work  properly  belongs  to  the 
county  surveyors. 

Note. — The  stadent  is  referred,  foT  more  detailed  information  on 
Ckivemment  Surveys,  to :  Instructions  to  the  Surveyors-General  of  Public 
Liiids  of  the  United  States,  prescribed  by  the  Commissioner  of  the  General 
tttid  Office ;  Clevenger's  Government  Surveying  ;  Burt's  Solar  Compass. 


TRIGONOMETRICAL     SURVEYING. 


SECTION     I . 

MAKING    THE     SURVEY. 

241.  Trigonometrical  Surveying,  or  TriangulatiaiL  i 

the  Eietbod  of  tletermiiiing  the  position  of  pointi?  on  the  gnrfkt 
of  the  eurth  by  the  apphcation  of  the  principles  of  TTigonuniedT 
— each  successive  point  being  determined  by  the  intersection  rf 
two  lines  which  make  known  angles  with  a  giveu  line.  It  inlf 
\iQ  used  in  small  or  exteni^ivo  snneys :  it  does  not  necesarilf 
take  into  account  the  curvature  of  the  earth,  though  always  u«l 
in  the  great  surveys,  such  as  the  U.  S,  Coagt  Survey,  in  whid 
that  IB  considered. 


J 


242.'''   In    the    construction   of  a  true   map  of   any  1 
territory,  three  t hinges  are  necessary.     The  first  of  thesi*  is  <<> 
avseertain  the  exact  rehUion  to  each  other^   as  to  distjince  runi 

*  direction,  of  the  leading  features  of  the  country  ;  selecting  such 
high  poiuts  as  may  be  seen  from  the  greatest  distance,  and  coo* 
nee  ting  tlic  whole  by  a  chain  of  triangles  of  the  largest  dimcfi- 
aioris  pnicticable,  and  of  the  forms  most  convenient  for  aceuracj 

(     of  computation. 

p  The  aeries  mmi  rest  upon  a  base  of  which  the  geographical 

position     has    been    established    with    mathematical    accnracj* 
The  points  which  form  the  several  angles  of  the  chain  will  tbo» 


*  R*'pori  of  N,  Y.  Stit^  Surrey,  m%^ 
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fixed  with  equal  exactness  as  points  of  the  geuenJ  surface  of 

be  earth.     With  the  sides  of  this  jmncipal  chain  of  triangles 

bases,  a  net  of  smaller  triangles  is  then   to  be  euostructed 

uapying  the  interior  of  the  larger,  and  resting  their  angles 

on  the  most  conspieuous  objects  observable  from  the  principal 

ations.     And  within  these  still  a  third  series  is  to  bo  formed, 

meeting  as  many  of  the  less  important  points  witliin  those  of 

be  second  order  as  the  objects  of  the  survey  may  seem  to  reqnire. 

angle  of  every  series  of  these  triangles  marks  a  gcogniiih- 

al  point  determined  witli  the  same  degree  of  precision  as  that 

the  original  base  from  which  the  triangulalion  be^n.     The 

on  which   the  New  York   State   Survey  rests    is    a   side 

\  mrles  long  of  one  of  the  large  triangles  of  the  United  States 

Survey,   a  magnificent  work   which   twenty  years  since 

bed  its  operations  to  the  head  of  tide- water  upon  the  Hudson 

The  biises  of  the  United  States  Coast  Survey  itself  are 

of  some  miles  in  length,  determined  in  position  by  astro- 

omical  observation,  and  actually  measured  on  the  ground  from 

to  end,   by  means  of  apparatus  of  extreme  delicacy,  con- 

htrncted  e^eciully  fur  the  purpose. 

243.  The  specimen    of  triaiignlutiou.    Fig.  118,  h  from   a 
rvey,  made  by  Professor  Rees  of  Columbia  College,  of  Ot^iego 

N.  Y.,  for  the  N*  Y.  State  Survey,  and  will  serve  to  illus- 
the  method  of  making  and  plotting  such  a  survey.  i 

244.  Before   commencing  a  trigonometrical  sim^ey,  an  ex- 
aination  of  the  entire  territory  should  be  made  for  the  purpose 

selecting  a  base  line  and  proper  points  for  stations ;   tins 

lamination  should  bo  more  or  less  elaborate  according  to  tbe 

iture  and  extent  of  the  survey. 

The  proper  distribution  and  combination  of  the  triangles,  so 

to  adapt  them  to  the  survey  in  hand,  rerjiiirc  gi^eat  judgment 

care,  and  the  selection  of  proper  trigonometrical  noiuts  is 
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?ery  important  part  of  the  prcliniiuitry  uperations.     The  selec- 
tion should  1x3  so  made  Uuit  each  point  may  conimaiKl  a  view  of 
[the  greatest  practicable  nuEilier  of  surrounding  trigonometrical 
[poiut  objects,  and  that  each  angle  at  the  point  shall  bo  as  near  as 
[may  he  GC^.     A  triangle  which  ha^  an  obtuse  or  a  very  acute 
tangle  will  experience  u  greater  change  of  form,  for  a  given  error, 
than  one  which  u  nearly  equilateral ;  and  since  the  accuracy  of 
I  each  triangle  depends  upon  the  preceding  ones,  it  is  evident  that 
the  introduction  of  a  single  *' ill-conditioned '"  triangle  might 
Titiate  the  whole  survey,     No  angle  less  tban  30'  or  more  than 
120°    should    be    used;    and    even    such    angles    abonld     not 
be  admitted  when  tbe  locality  can  be  so  chosen  as  to  prc- 
veat  it, 

245.  If  the  trianguIaHon  ia  to  be  oTcr  a  limited  extent  of 

country   which    has    already   been  covered    by  a    net* work    uf 

Primarj'  Triangles,  a  side  of  one  of  tliese  triangles  should  be 

used  as  a  ba^e*     It  is  never  good  practice  to  measure  a  base  line, 

when  a  side  of  a  triangle  of  a  previous  survey  ia  available  ;,  but  if 

^  noEueb  side  can  be  obtained,  then  the  selection  of  a  proper  site 

for  a  base-line  forms  one  of  the  first  objects  of  the  preliminary 

I  I'^econnii'L^sance.     It  should,  if  possible,  be  tixed  on  an  open  plain, 

1  free  from  surface  encumbrance  or  freed  from  such.     It  mu8t  bo 

|®o  clmsen  that  the  surrounding  signals  may  be  distinctly  seen 

from  its  extreme  points;   and  hence  tbose  signals  which  mark 

poiats  of  the  adjacent  triangubition,  should   be  selected   with 

Reference  to  tlie  base.     The  length  of  the  base  should  be  suited 

^  the  magnitude  of  the  survey. 

246.    In   measuring  a  base-line,  every  possible    precaution 

I  Eliould  betaken  to  insure  accuracy.     The  line  measured  ahould 

be  straight^   to  effect  which  it  should  he  ranged  out  with  the 

iraQjdt    The  ends  of  the  base  should  ho  marked  by  a  stone  sunk 

tin  the  ground,  with  a  copper  bolt  let  into  it  and  the  exact  point 
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of  beginning  ami  ending  fixed  by  the  mteraection  of  two  hm_ 
cnt  into  the  head  of  tfie  bolL 

The  measurement  may  be  made  with  steel  tape  or  rods.  If  i 

tape  is  used,  it  sbouM  be  carefully  drawn  out  each  tim^toiti 
stnudard  length,  and  should  be  compared  with  a  standard  both 
before  and  after  measurement,  and  correction  made  for  id 
ranation,  if  any,  from  standard.  The  mean  of  8eTeral  measua*- 
menis  should  bo  tuken  fur  the  correct  measurement.  If  \k 
measurement  luts  been  made  on  an  incline,  instead  of  on  alerd* 
the  measured  distunce  should  be  reduced  to  the  horizontal 
distiince  by  multiplying  the  inclined  distance  meaaured  bj  ihfi 
cosine  of  the  angle  of  inclination. 

247.  For  a  description  of  the  base-line  apparatus  used  in^ 
IT,  S.  Coast  and  Geodetic  Survey,  see  Reports  of  that  Survey! 
1854,  1857,  and  1880. 

248.  The  alignment  of  the  measuring  tape,  or  rods, 
vertically  and  horizontally,  or  in  the   line  of  the  slope  if  < 
measurement  be  not  horizontal^  is  of  the  greatest  imp 
since  there   is  no  compensation  of  errors,  a  faulty  alignB 
always  resulting  in  a  measuretl  length  greater  than  the  i 
length. 

249.  Having  carefully  measured  the 
base,  it  is  then  necessary  to  reduce  the 
measurement  to  the  sea  level. 


Let  L  t^  measured  base. 
Let  I    =  rednct'd  base. 
Let  R  =  radius  of  earth. 
Let  h   =^  average  height  of  measured 
base  above  sea  level ; 


Fis.  lift 


then. 


/  :  L 


R  :  R+h, 


BC.  LJ 
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But  h  is  so  small  as  compared  with  R  that  we  may,  without 
ESiiiible  error,  make  iJ+A  =^  R;  whence  we  have, 

'=^(>-s)  =  ^-4 

2S0.  The  trigonouietrical  stations  are  ttiarked  by  signalg, 
rhich  wiay  t>e  coiistnicttjd  in  a  great  variety  uf  ways,  depending 
ipoa  the  locality  of  the  stations  and  the  leiigthfi  of  the  bides  of 
lie  triangles. 

Sometimes  a  signal  has  to  be  raised  above  the  level  of  the 
idjacent  country,  in  which  case  it  is  conetructed  of  tinibcrSi  and 
ipon  the  apex  is  placed  a  vertical  staff  bearing  a  flag.  The 
ixact  trigonometrical  point  is  detenniued  by  a  plumb-line 
ii23pended  from  the  apex  of  the  signal 

A  temporary  signal  may  be  constructed  with 

three  or  fonr    pieces  of   scantling    framed   and 

btaeed,  an  shown  in  the  annexed  figure,  with  a 

lort  pole  projecting  from  the  ajiex.     The  plumb 

(termincs    the    point    B,   ^vhich    is    the  exiu*t 

gonometrical  point  over  which  the  theodolite  is 

be  placed*     Where  the  sides  of  the  triangles 

not  irery  great,  a  pole,  planted  vertically  and 

onnted  by  a  flag,  will  answer  as  a  signal. 

In  order  to  distinguish  the  different  signals,  the  flags  which 
y  bear  should  be  uifferent  fmni  etwh  other.  They  may  bo 
toed  by  arranging  stripcB  of  white  anil  red,  according  to  some 
arranged  plan,  and  the  flags  of  the  diffeitnit  stations  should 
entered  in  a  book.  For  the  purpose  of  futnro  reference, 
trigonometrical  point  at  each  station,  as  /i,  shoidd  be  indi- 
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alcd  h%  m  pefVft&oii  nflik.  If  the  point  falls  opoii  a  rock,  i 
kofe  iBiij  be  dhBed  to  show  the  locaditj ;  or  if  not,  a  mark^flto&fi 
mmj  be  sank  vnder  the  pointy  deep  enough  to  be  bejood  the 

of  locideBL  A  record  of  the  mooameiit  ehoold  be  pr^ 
logeiber  with  its  reference  to  some  of  the  pemuuieiit 

;  in  the  neighborhooQ. 

2S1.  A  Heliotfope  is  neoeesur  m  long  sights,  and  k  alwm 
greai  serrioe  in  shoit  sights  io  diitecttDg  the  obierver  to  tbe 
sbilioo-iBnrlu  It  consists  essentiaUj  of  a  small  mirror,  ad 
directed  bj  an  tfiitant  as  to  throv  a  beam  of  su  alight  bto  the 
tdescope  of  the  distant  obeerrer.  Lei  a  silvered  glags,  about  3 
s^tiare,  be  mounted  on  a  boanl  in  a  manner  similar  to  ilie 
monni  of  a  transit  eo  as  to  have  a  motion  about  i 
hoiuKmlal  axis  and  at  the  same  time  abont  a  Tertieal  sii8;iii 
front  of  this,  at  a  distance  of  two  or  three  feet,  mount  a  lioard 
with  a  bole  in  it,  across  which  bole  threads  are  to  be  strctthed 
at  right  angles  to  each  other,  and  adjast  this  hole  over  the  siMm 
by  a  plamb-line.  At  the  centi^  of  the  back  of  the  mirror  scrtpe 
away  the  sOfer,  making  a  small  sight-hole ;  if  now  an  a^LsUnt. 
sighting  through  the  hole  in  the  mirror,  moves  it  so  that  the 
CV06S  threads  come  in  line  with  the  distant  station,  it  will  be  mj 
to  keep  the  beam  npon  the  ob^r?er  by  properly  incliDiDg  lUid 
[  reTolTTiDg  the  mirror.  As  the  light  reflected  from  so  large* 
mirror  would  be  too  intense  to  observe  with  the  telescope,  it  it 
necessary  to  make  the  cross-thread  hole  in  the  board  quite  smiBv 
not  more  than  J  inch  diameter  for  distances  not  exeeediug  S 
miles,  about  one  inch  diameter  for  distances  of  ten  miles,  sad 
fio  on. 

A  small  pocket  mirror  will  be  found  very  useful  as  a  mcaos 
of  telegraphing  instructions,  by  combinatious  of  flushes  according 
to  a  system  previously  agreed  upon.  It  can  be  directed  to  tiie 
observing  station  (or  to  the   observed  station)  with  sufficient 
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accuracy  for  Bignalling,  by  setting  a  Tertical  staff  in  line  with  the 
distant  station  and  causing  ftaslies  to  travel  up  aiid  down  the 
staff. 

252,  The  extent  of  the  Biirvey,  and  the  standard  of  accuracy 
to  which  the  results  are  required  to  conform,  nmst  determioe  the 
size  and  perfection  of  the  instrument  to  bo  employed  in  the 
measurement  of  angles.  The  anglea  of  the  primary  triangles  of 
the  Uuited  States  Coast  and  Geodetic  Survey  are  measured  with 
theodolites^  whose  horizontal  circles  are  24  or  30  inches  in 
diameter;  and  to  eliminate,  as  much  as  possible,  every  source  of 
error,  great  numbers  of  observations  are  made  at  each  station, 

^the  readings  being  made  on  different  points  of  the  arc  by  differeiit 
rerniers.     Usually  from  40  to  60  observations  nvQ  made  for  each 
agle — one  measurement,  with  the  telescopo  direct,  ami  one  with 
it  reverted,  constituting  a  complete  observation.     With   iliese 
precautions,   it   has   Ixvu   found   that   tlie  error  in   a  ]mmary 
iangle  (where  the  sum  of  its  thrc^c  angles  has  been  compared 
[with    180°),   has  fallen    much    witiiin  3  seconds.    The  error  of 
seconda   has  been  adopted  as  the  highest  admissible  limit  of 
[>r  in  such  triangles* 

253.  The    theodolite    does    not    differ   essentially    in    the 
rinciples  of  its  construction  and  use  from  the  transit,  which  bits 

eady  been  described.  It  is  fitted  with  mimy  appliances,  for 
[jcuraey  in  the  observation  and  the  reading  of  angles,  which  it 
is  nnneceesary  to  describe  here.  Fig.  121  is  a  representation  of 
the  8  to  12  inch  theodolite  used  in  the  U.  S.  Coast  and  Geodetic 
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I     254,  To  illiiatriite  the  principle  of  repetition  in  the  mcasnre- 

c^eiit  of  angles,  aoppose  the  0  of  the  vernier  to  coincide  with  the 

'  of  the  limb,  and  tlie  telesc(ipe  to  be  directed,  from  the  station 

I,  Fig.    122,    upon  one    of  the  ohject.^,    as    the  signal  at  B, 

wamp  the  limb  and,  nnclamping  the  vernier  plate,  direct  the 

filescope  on  the  second  uliject,  as  the  signal  at  E,     If  we  now 

lamp  the  vernier  plate  and,   nnclamping  the  limb,  direct  the 

Wescope  on  the  signal  at  B^  the  line  (0\  ISO"^)  of  the  limb  will 

make   with   AB  iiu   angle  equal    to    BAS>     Again   clamp    the 

limb  and,   nnclamping   the   vernier  plate,  direct   the   telescope 

the  signal  at  K     The  reading  will  evidently  be  equal  to 

the  angle    BAE\    and   if  we   repeat   tlie   operation,    the 

g  will  be  three  times  the  angle*  and  so  on.     After  ten 

fpetitions,   if  we  add   360''  each    time  the  0   of   the   vernier 

he  0  of  the  Umh,  the  final  reading  >n^\1\  \>e  UiU  tvvsx^^ 
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angle  BA  E^  affected  with  the  joint  errors  of  the  ten  obBenntions, 
and  one-tentb  of  this  will  be  the  reading  required  to  a  gr»ier 
degree  of  accuracy  than  could  probably  be  attained  b;  a  single 
oboerratiou. 

255.  The  method  of  reading  angles  and  recording  notes  if 
as  follows: 

(1.)  First  mark  one  vernier  A  and  the  other  B  by  pasting 
these  letters  ii|K)n  the  vernier  plate*  Set  vernier  A  at  0"  and 
clamp  it.  Direct  the  cross- wires  to  tbe  left  of  station  B  mi 
tbeii  by  a  careful  movement  to  the  right  bring  the  eight 
nearly  upon  station  B^  bein^  careful  not  to  pass  the  staim^ 
and  perfect  the  bisection  by  tbe  lower  tangent  screw.  Bead 
Ijotb  veniiers,  reading  B  to  minutes  and  seconds  only,  «q4 
muke  tbe  entry  as  in  the  tuble  Biibjoined.  Now  loottO 
the  vernier  clamp  and  turn  carefully  to  the  right  till  nm^ 
npon  station  E^  completing  tlie  bisection  by  the  teraitt 
tangent-acrew*  Now  make  a  "check"  mark  in  coUmn 
**  vornier  J/*  a^  in  table.  Next  loosen  the  lower  clamp  and  tarn 
tljo  telescope  to  the  right  till  station  B  is  nearly  reached,  ami 
repeat  tl»e  previous  operations,  making  ** check'*  in  **  vornier  i* 
column  as  before.  In  like  manner  repeat  the  operations  for  tbt 
thirtl  time,  and  enter  the  final  reading  npon  station  E,  a«  in  thi 
table. 

If  the  motion  of  vernier  A  has  been/orfrffrrf,  in  the  directioft 
of  tho  graduation  of  the  limb,  the  first  readiBg  must  be  marked 
negative,  as  in  the  table  ;  when  the  motion  of  vernier  A  is  hdxk- 
Vii\n\r  i\\i}  jinal  reading  must  be  marked  negative.  In  the  cart 
just  degeribed  the  moHon  has  been  forward,  therefore  from  the 
mean  of  tbe  la^t  reudiugs  {"llT  1^'  1^''),  we  subtract  the  menu 
(»f  the  lirst  readings  (0'  10")»  and  divide  the  result  by  flii 
nmnber  of  repetitions  (3)  obtiiincil  for  the  mean  angle  W* 
Ta   I'.T. 
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(2.)  Set  vernier  A  at  180%  and  having  turned  the  telescope 
to  the  right  of  Ey  make  three  repetitions  of  the  angle  subtended 
by  EBj  working  from  r^ht  to  li(ft.  In  this  case  vernier  A  will 
pass  over  the  360°  mark,  which  fact  is  noted  in  the  table  under 
the  first  "Vernier  5"  reading.  As  vernier  -4 .worked  backward, 
the  hut  reading,  that  taken  upon  B^  must  l>e  negative. 

(3.)  Bevolve  the  telescope  upon  its  horizontal  axis^  and  turn 
the  telescope  about  the  vertical  axis  towards  B.  Set  vernier  A 
at  90^  and  repeat  three  times  from  B  to  E. 

(4.)  Set  vernier  A  at  270°  and  repeat  three  times  from 
B  to  B. 

The  final  mean  of  the  four  angles  is  72°  24'  59".  2. 

Both  verniers  are  read  to  eliminate  error  of  centering  of 
graduated  limb. 

Bepetitions  are  made  to  eliminate  errors  of  graduation. 

Beadings  from  left  to  right,  and  from  right  to  left,  are  taken 
to  oonnteract  errors  due  to  torsion,  and  personal  error  of 
Uaection. 

The  telescope  is  reversed  on  its  horizontal  axirf*  to  eliminate 
error  due  to  inclination  of  horizontal  axis,  and  error  of  col- 
limation. 


ELEMENTS    OF   BUBYSTIKO. 


[book 


Angles  taken  at  Station  A,  Jnly  17,  1883. 


Sta. 
Ob». 

\tn»Bt  A. 

B. 

± 

CUcolMkm. 

MeuAig. 

B 

0°    0'   0"* 

0'  20" 

— 

217"  15'  15" 

E 

217°  16'  10" 

15'  20" 

0  10 
3)217   16     6 

72°  25'  1". 

E 

180°    0'   0" 

•0'  10" 

180°    0'    5" 
360 

f^f^»^ 

360° 

540     0     5 
322   45  15 

B 

322°  45'  10" 

45'  20" 

— 

3)217   14  50 

72°  24'  56". 

B 

90°    0'   0" 

0'     0" 

— 

307°  14'  50" 

E 

307°  14*40" 

15'     0" 

90     0     0 
3)217   14  50 

72°  24'  56" 

E 

270°    0'   0" 

0'  20" 

270°    O'lO" 

B 

52°  45'   0" 

45'  10' 

52   45     5 
3)217    15     5 

72°  25'   1' 

4)       99'  56' 

Final  mean. 

72°  24'  59 

I.] 


MAKING    THE    SURVEY. 


225 


256.  If  several  stations  can  be  read  in  succession^  a  simple 
edification  of  the  method  is  practicable.  Suppose  the  observing 
ition  to  be  J^  of  Fig.  122,  and  we  wish  to  read  A,  H,  B,  C,  &c. 
ght  A  with  the  vernier  set  at  0°  ;  nnclamp  the  vernier  and 
irn  to  the  right  till  H  is  bisected  and  enter  the  reading  opposite 
r  iu  the  table  below ;  unclamp  the  vernier  and  sight  By  and 
ater  its  reading ;  continue  the  motion  to  the  right,  reading  each 
tation  in  turn.  Suppose  (7  to  be  the  station  on  the  extreme 
ight ;  now  set  the  vernier  at  180°  and  work  from  C,  around  to 
he  left,  to  A,  entering  the  readings  in  the  table  in  a  reverse 
rder,  from  the  bottom  to  the  top  of  the  page.  Keverse  the 
elescope,  and  with  90°  as  the  first  reading  work  from  A  to  C, 
nd  then  with  270°  as  the  first  reading  work  from  Cto  A.  The 
lotes  are  given  below ;  the  readings  on  station  A  subtracted  from 
he  corresponding  readings  on  //,  By  and  C,  give  the  angular 
listances  of  these  points  from  the  line  EA. 

Angles  taken  at  Station  £. 


in. 

Vernier  A. 

B. 

Mean  Read. 

Angle*  with  Line 

Mean  Aneles  wltli 
EA. 

A 

0° 

0'    0' 

0'  20" 

0°     0'  10" 

72 

0  10 

0     0 

72       0      5 

90 

0     0 

0  10 

90     0     5 

162 

0  20 

0  10 

102     0  15 
40°    0'  15" 

U 

40° 

0'  10" 

0'  20" 

40°    0'    5" 

112 

0     0 

0  10 

112     0     5 

40     0     0 

130 

0  10 

0  30 

130     0  20 

40     0  15 

202 

0  10 

0  10 

202     0  10 

39   59  55 

40°    0'    3".75 

B 

66" 

30'    0" 

30'  20' 

G6°  30'  10" 

66°  30'    0" 

138 

29  40 

30  20 

138   30     0 

66   29  55 

156 

29  40 

30  10 

156   29  55 

66   29  50 

228 

30     0 

30    0    228  30    0 

/ 

66   29  45  U(i°^«>'?>r5o 

\ 


Vernier  A. 

B,       \      Mean  Be«d. 

Aha^  «dtli  Line 
EA. 

c 

108^    0'    0" 

C  10"  108^    0'    5" 

107*  50'  55" 

180      0     0 

0  20     180      0  10 

108     0     5 

198      0  10 

0  10     198      0  10 

108      0     5 

^70     0     0 

0  10    tlQ     0     5 

107    59  50 

107°  57' 58'.! 

-J 

llitving  found  by  these  methods  the  angles  o£  aiiy  trian|j 
one  of  its  sides  bein^  the  base-line  or  a  known  side  of  a 
iilreadv  computed,  we  can  find  the  eidea  of  the  new  triangle. 

First  subti-act  the  sum  of  the  angles  from  180°  and  apply  1 1 
the  error  to  each  angle ;  next  treat  the  triangle  as  *  plj 
triangle  and  compute  the  two  required  sides, 

257.  Tfie  gpherieal  excess  in  triangles  of  a  Primary  Sv 
ia  seldom  more  tlian  aJjout  G",  and  triangles  whose  sidt^g  m  i 
more  than  ten  miles  long  may  be  regarded  a^  plane  iimi 
without  sensible  error. 

258.  It  sometimes  happens  that  a  steeple,  tower,  or  * 
prominent  object  must  be  used  as  a  station,  and  in  most( 
is  impossible  to  set  the  instriimeut  over  the 
ei*ntre    of   such    station.      In    snch    cases    a 
'^  reduction  to  the  centre*^  is  Dece8^ary. 

Let  0  be  the  position  of  the  inetrument, 
C  the  centre  of  a  circular  tower  which  marks 
the  station,  and  DCG  the  desired   angle,  D  f\ 

being  the  right-hand  object  and  G  the  left- 
hand  one.  Measure  (in  some  one  of  the 
many  ways  for  indirect  measurement)  the 
distance  OC^=^r,  and  take  the  angle  OOC^y, 
always  measuring  the  angle  y  (called  the 
angle  of  direction)  from  tlie  left-hand  object. 


^ 
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iL^stiinatiDg  it  towards  tho  left,  from  0"  to  300'',  as  in  the 
r  The  angle  /  being  exterior  to  the  triangle  DO  I  we  have 
>  +  «,  and  from  the  triangle  GIC  we  have  /  =:  C  + /3, 
which  we  deduce 

e  now  need  to  determine  the  eoirection  (a  —  p).  lu 
riangle  DOC  we  have  (calling  the  dde  DC,  D)  sin  a  = 

U ^  (Art.  32),  or  as  a  is,  in  practice,  always  very  small 

i 

lay  gnbstittite  for  its  sine  \\b  value  in  Bceonds,  making  sin 

»)''  sin  1'',  which  substituted  above  gives  iuX*^  —  f^-* — ttt^* 
'  °        ^  '  1/  sm  1 

le  manner  (ailhng  the  side  GC^  G)  we  have  (/?)"  ^ 
-^-    Substituting  these  values  in  formula  (1),  we  obtain 


rg' 


^-V^  \     jDsin  r'  C7fiinl"r 


(2) 


bis  fonnnla  is  general  if  care  is  taken  to  estimate  the  angle 
h  reference  to  the  positions  of  the  stations  D,  ff,  and  (7,  as 
(  directed,   the  signg  of  the    trigonometric   functions  also 

observed  (see  Davies'  Leg,,  Trig.  Art.  ^), 
be  angle  0  is  measured  in  the  usual  manner*     The  angle  jf/, 
t  case  supposed,  is  obtained  by  measnriug  the  angle  which 
tangent  to  the  tower  through  0  makes  with  the  line  00, 
nking  their  half  sum* 

I  formula  (2)  the  sides  D  and  Q  are  unknown.  In  triangles 
5  sides  are  not  less  tliaii  3000  feet,  r  being  relatively  very 
,  it  will  be  sufficient  to  calculate  these  sides  from  the  known 
and  the  nncorreeted  observed  angles,  and  substitute  such 
Dted  values  in  formula  (2)« 
hen    the  sides  are  less  than   3D00  feet,  r  being  relatively 

the  values  of  Z>  and  0  are  obtained  by  two  approximations. 

plot  a  triangle  0'  D'  G'  upon  as  large  sca\c  as  ^t^Jiivi-ahV^^ 
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ttfling  the  koown  side  and  the  cisermd  angles;  then  plat  ik 
uogle  y,  and  lay  off  (/C*  =  nr,  n  being  either  10>  20,  30,  &c,  so 
that  nt  may  measure  between  ^  and  ^  of  the  length  of  &» 
shorter  of  the  two  plotted  sides  O'D*  and  0'G\  in  which  caie 

the  plotted  angle  O'D'C  will  be  equal  to  nx^h  or  a  = , 

and  j3  =  — - — ■>     These    ralues    substituted  in  formida  (1) 

gire  a  value  of  (7  whicn  may  be  used  in  the  eomputatian  of  tb 
sides  D  and  G,  and  these  computed  Talues  of  D  and  G  mast  ibeo 
be  substituted  in  formula  (2). 

259.  An  error  of  obserration  may  also  arise  frcrni 
unequal  illumination  of  the  face  of  the  object  present^  tothT 
observer,  called  error  due  to  phase  ;  thus,  if  an 
observer  at  A  &ighi  a  tower  at  D^  the  sun  being 
in  the  direction  S,  he  will  direct  his  telescope  to 
(h  the  middle  of  the  illuminated  portion,  instead 
of  to  /?.  This  error,  and  also  that  due  to 
irradiation  in  the  case  of  ordinary  signals,  may 
be  avoided  by  observing  when  the  sun  is 
obscured,  or  by  throwing  a  shadow  upon  rods  and 
other  commonly  used  signals.  It  is  hardly  worth  w^hile  to  intro^ 
duco  a  formula  for  correction  of  phase  in  this  connection. 

(For  tlio  methods  used  in  the  work  of  the  U.S.  Coast  and 
Gtiodetic  Survey,  see  "  Field  Work  of  the  Triangulation/*  18'!7» 
by  Riclmrd  D.  Cutts,  assistant) 


S 
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260.  When,  iti  connection  with  a  trigonometrical  snrvcy  oo 
sliorc,  a  hiirbor  is  to  bo  surveyed  (see  Fig.  122),  for  the  purpose 
ufu^eertaining  the  cliannels,  their  depth  and  width,  the  positioM 
of  shoals,  and  the  depth  of  water  thereon,  other  means  must  be 
used,  mul  other  examinations  made,  in  addition  to  those  already 
de«crifxid. 
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Let  buoys  be  anchoreil  on  the  princi|*al  shoals  and  along  the 
edges  of  the  channel;  and  using  any  one  of  the  lines  already 
determined  as  a  biise,  let  the  angles  subtended  by  lines  drawn 
from  its  extremities,  to  the  buoys  respectively,  be  measured  with 
the  theoduhtc.  Then,  there  will  be  known,  in  eac^h  triangle,  the 
bfi56  and  tlie  angles  at  the  base,  from  which  the  diataneea  to  the 
buoys  are  easily  found  ;  and  hence,  their  positions  become 
■  known. 

H  Having  made  the  soundings  and  ascertained  the  exact  depth 
p  of  the  water  at  each  of  the  buoys,  several  points  of  the  harbor 
r  are  established,  at  which  the  precise  depth  of  the  water  is 
L  known ;  and  by  increasing  the  number  of  the  buoys,  the  depth 
Bof  the  water  can  be  found  at  as  many  points  as  may  be  deemed 
'    ueceasary. 

201.  If  a  person  with  a  theodolite,  or  transit,  be  stationed  at 
each  extremity  of  the  b[^e-line,  it  will  not  be  necessary  to 
establish  buoys-  A  boat,  i^rovidcd  with  an  anchor,  a  sounding- 
line,  and  a  signal- flag,  has  only  to  throw  the  anchor,  hoist  the 
8ignal-flag,  and  make  the  sounding,  while  the  persons  at  the 
extremities  of  the  base-line  measure  the  angles.  From  these 
the  precise  place  of  the  boat  can  be  determineti 

"262.   There  is  another  nxethod  of  determining  the  places  at 
[which   the  soundings  are  made,  that  admits  of  great  desimtch, 
[and  which,  if  the  observations  are  made  with  care,  affords  results 
infficiently  accurate. 

Having  estabhshed,  trigonometrically,  three  points  which  can 

Ibe  seen  from   all   parts  of   the    harbor,  and    having  provided  a 

I  sextant,  let  the  sounding  be  made  at  any  place  in  the  harbor,  and 

at  the  same  time  the  three  angles  subtended  by  lines  drawn  to 

the  three  fixed  points,  measured  with  the  sextant. 

The  problem,  U^  find,  from  these  data,  the  place  of  the  boat 
[at  the  time  of  the  sounding*  is  the  same  as  Example  6,  Art.  203* 
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It  19  only  necessttry  to  measure  two  of  the  angles,  but  it  ii 
safest  to  m ensure  the  third  also,  as  it  affords  a  rerifieatioa  of 
the  work. 

The  great  rapidity  with  which  angles  can  be  tnea^nred  witi 
the  sextant  by  one  skilled  in  its  use,  renders  this  a  most  oipi'* 
'  ditiows  method  of  sounding  and  Burveying  a  harbor. 

For  description  of  the  Bextant  and  its  method  of  use,  see 
Appendix  B* 

263.  There  is  yet  another  method  of  finding  the  sonndingf, 
which,  id  though  not  as  at^ctirate  as  those  already  eiplaind, 
will,  nevertheless,  afford  resuUa  approximating  nearly  to  the 
truth.  It  is  this:— Let  a  boat  be  rowed,  with  uuiform  speed, 
across  the  harbor,  from  one  extremity  to  the  other  of  any  of  tte 
linei^  deter  mined  trigonometrically.  Let  soundings  be  made 
eontinmilly,  and  let  the  precise  time  of  making  each  be  carcfulli 
noted*  Then,  knowing  the  length  of  the  entire  line,  the  time 
spent  in  piissing  over  it,  as  also  the  time  of  making  each  of  the 
soundings,  we  can  easily  find  the  points  of  the  line  at  which  tte 
several  soundings  were  mside  ;  and  hence,  the  depth  of  water  at 
those  points  becomes  known. 

26 1.  If  a  person  stationed  on  shore  with  a  theodulite  '>f 
transit,  takes  the  hearing  of  the  boat,  at  every  second  or  tliird 
sounding,  determined  by  hoisting  a  flag,  it  will  fix  the  position 
of  the  soundings  with  great  accuracy.  Sonni!ing3  may  thus  be 
made  along  any  number  of  known  lines,  and  a  oomparidon  of 
the  depths  found,  on  different  lines,  at  or  near  their  jnuntis  of 
intersection,  will  ehow  with  what  degree  of  accuracy  the  work 
has  been  done, 

Sounding-hnes  should  ho  made  of  strong  cord,  and  diviJd 
into  feet  or  fathoms,  by  different  colored  rags  or  other  markf. 
The  letul  is  shaped  like  the  frustum  of  a  cone,  with  the  base  B 
hollowed  '»"^    to  hold  some  grease.     The  land  or   mud  of  the 


^ 
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Ittom  adheres  to  the  grease,  ami  thus  sho^s  the  nature  of  the 

Ittoin,  which  sbould  be  eti tiered  in  the  fiekl- 

|ok,  and  laid  dowu  u{>oii  the  map*    As  the 

ltd  is  liable  to  change  its  lengthy  it  should 

(  compared,  from  time  to  timr,  with  some 

fkndard.     In  tide-waters>  the  exact  time  of 

ich  sounding  is  to  be  noticed,  and  an 
iimgtant  shoukl  note  the  height  of  the  tide  at 
kgular  intervals,  tipon  a  tide-gauge.  The 
tide  gauge  is    permanently  placed   at  some 

lonTenient  point  of  the   liarbor,  ami   its  0 

oint  is  referred,  by  means  of  a  spirit-level,  to  some  fbced  bcnch- 

iark,  on  a  level  with  mean  low-water  mark,  to  which  all  the 

itiadings  must  be  reduced. 

265.  Ilaviug  plotted  the  work  done  with  the  theodolite  of 
t,  as  also  the  outline  of  the  harbor  traced  witli  the  compass, 
t^mains  to  delineate  the  bottom  of  the  harbor  5  and  this  ih  done 
'  meims  of  horizontal  curves,  hereafter  explained  (ArL  332), 
lich  are  used  to  represent  broken  or  undulating  ground. 

Let  the  plane  of  reference  be  taken  througli  low-water  mark, 

r  to  coincide  with  the  surface  of  the  water  at  low   tkle.    The 

lemracy  with  which  the  bottoui  of  the  harbor  is  to  be  delineated, 

will  guide  na  in  ^xing  the  distance  between  the  horizontal  planes 

pf  section. 

f  The  fir^t  horizontal  plane  shouhl  be  passed  at  a  uistance 
l>elow  the  shallowest  point  that  has  been  sounded,  equal  to  the 
aoinber  of  feet  fixed  upon  for  the  distance  between  the  planes 
nt  section  ;  and  the  curve,  in  whieli  it  intersects  the  bottom  of 
the  harbor,  deror mined  as  iu  Art,  335.  Aud  similarly,  for  the 
er  horizontal  planes  of  section. 

Having  thus  delineated  the  bottom  of  the  harbor,  and  noted 
the  map  the  distimce  of  each  intersecting  plane  below  the 
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plane  of  reference,  let  euch  lines  be  drawn  m  will  indicate  t 
chaonels,  shoals,  sunken  rocks,  and  direction  of  the  current 

111  the  example  given  in   Fig.    122^    soundings   have 
mude  in  three  directions,  from  the  sand-bar  in  the  harbor, a 
also  from  the  roeky  share  across  to  tlie  light-bouse. 

266.   When  a  large  extent  of  territory,  or  a  long  line  of 
eoast  is   to  be  gurveyed,    it   becomes   nec£'ssary  to  conaider 
curvature  of  the  earth'^^  surface ;    this  branch  of  suneying  ii 
called  Oeodetic  surveying. 

The  opemtiona  necessary   to  the  siiecessfnl  execution 
Geodetic    Survey,   require    the    minutest    attention,  aud  tl 
perforniedj  numerous  corrections  are  to  be  applied  to  the  iw 
nred  lines  and  anglei^,  on  account  of  the  various  causes  of  fflnrj 
incident  to  such  operations. 

To  investigate   those  causes  of  error,  and  to  deduce  mlM 
correcting  the  errors,  in  all  cases,  would  exceed   the  limit* 
this    treatise.      We    have,    therefore,    attempted   nothing 
than  an  outline  of  the   operations  in  a  trigonometric^  fini 
ill    which    the    Plane-Tablc    and    Compass    are    used   in 
nection    with   fbe    Theodolite   or    Tmnsit,  and    in    which 
curvature  of  the  earth  is  not  considered. 
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SECTION     II. 

FILLING     UP    THE     SURVEY. 

[After  the  triiinguladon  is  completed,   the  interior  may   be 
up  by  the  aid  of  the  Compass,  or  Plane-Table,  or  both. 


By  the  Compass. 

267*  The  use  of  the  compass,  in  determining  points  and  hues, 
means  of  ofT?ets,  has  heen  already  explained  (Art,  123).  We 
apply  these  principles  in  the  example  of  the  harbor,  Fig.  122. 
Place  the  compass  at  J,  and  take  the  bearing  of  the  line 
;  which  is  S  1-^^  W. 
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L Enter  this  bearing  at  .4,     Then  measure  along  the  line  AE 
diiitance,  as  Aa  eqnal  to  130  yards,  and  make  an  offset  to 
be  lake,  which  we  measnre  and  find  to  be  50  yards.     Enter 
JO  in  the  middle  colnmn,  and  aa  the  lake  lies  on.  the 


SETsmixQ.  [boos  n 

■ri  Om  Min  Ow  rightrhiod 


We  tlMii  MMMiiiellaag  Om  Mm  A£  to  i,  35iS}  juds  from  i. 
Hoe  v»  OMfcft  m  mamd  obet  to  the  kke,  and  find  it  to  be  ^otl 
tm  IM  fifdft.  Hsritig  rtttcnd  tbe  dirtaiwyg  in  the  notes,  iv 
■fMnre  to  f  ,  tiie  poial  whan  tbe  liiie  AM  toaches  the  creek« 
■od  m  ortser  the  dhhrace  faMi  A^  41$  jsrda 

Al  ily  ve  kj  aff  an  offset  on  the  left,  to  tbe  pood,  70  jards; 
at  #^  fta  oibet  to  the  moath  of  the  ereeky  150  jafds ;  and  st  f, 
where  the  eomie  termiimtes^  an  offset  to  tbe  lake,  of  160  yttk 
The  entire  distaQce  finoin  ^  to  f  ii  SOO  jaids. 

Al  i^  we  take  tbe  bearicg  to  ff,  which  is  N  50"*  £  Hanof 
laeanmd  alei^  Ibts  liBe  to  /,  315  Tarda,  we  make  an  offlset  16 
the  pond,  on  the  lelt»  of  50  yarda,  and  to  the  shore,  oo  the  righli 
of  90  Taid&  HaTing  entered  these  diatance^  we  reeommeius 
tbe  notes  at  315,  below,  which  we  ^appose  to  be  at  the  bottom 
of  the  second  pag^e.  Haring  reached  ff,  the  extremity  of  tbe 
course,  we  enter  the  entire  distance  from  J?,  680  yard«.  We 
next  take  the  bearing  to  /,  S  52**  E.  We  then  measure  tht*  die- 
tancee  to  tn,  n,  p,  and  /,  and  enter  them,  together  with  ih 
offsets,  as  in  tbe  notes. 

It  is  also  well  to  make,  in  the  columns  on  the  right  and  left, 
such  sketches  of  the  ground,  fields,  houseit,  creeks,  and  riveiii 
as  nil]  afford  the  means  of  making  an  accurate  delineation  on 
paper. 

_  By  the  Plane-Table. 

268.    The  pJane-tiible,    Fig.  127,  cousiets  of  two  paiii* 
lugiilar  board,  and  a  tripod  to  wliich  it  is  firmlj  secured, 
Pirectlj  under  the  rectangular  board  are  four  milled  scr 
ch  pass  through  sockets  inserted  in  a  horizontal  brass-pli 
'  are  worked  against  a  second  horizontal  plate,  I 


Between  the  upper  horizontal  plate  and  the  tahle,  there  is 
'a  clamp-screw,  similar  to  the  elanip-screw  of  the  transit,  which 
being  loosened,   the  table  can   be  turned  freely  about  its  axis. 

I  There  is,  also,  a  small  tangent  screw,  by  which  the  smaller 
motions  of  the  table  are  re<jfulated,  after  the  clamp-serew  is 
made  fast. 
A  set  of  brass  clamps  for  fastening  the  paper  to  the  table ; 
a  clamp  with  an  attachment  on  one  iside  for  fastening  a  ]>lnmb- 
line,  and,  on  the  other,  a  pin  immediately  OTer  the  point  of 
attachment  of  the  phimMinvt  for  marking  oii  ftk^-^aupfet  ^  ^vc^X 
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directly  over  a  station  of  the  prroiind  ;  an  Alidade  and  a  Mil 
tor  accompany  the  Plane-Table. 

The  Alidade  is  a  brass  raler,  from  one  to  two  feet 
with  a  fiducial  or  true  straight  edge.  On  the  upper  face 
the  rwler  are  two  spirit-levek  at  right  angles  to  each 
and,  near  the  middle  of  the  ruler^  a  brass  standard  which 
a  telescope,  like  the  telescope  of  the  transit,  with  a  ye 
arc  for  measuring  vertical  angles,  and  micrometer  wirw 
measuring  distances  (see  Art.  206).  The  telescope  is  so 
with  regard  to  tlie  edge  of  the  ruler  beneath,  that  its  line 
collimation,  when  properly  adjustedj  is  parallel  to  that  etlge 
in  the  same  vertical  plane. 

The  Declinator  is  a  metal  box,  containing  a  magnetic 
with  a  range  of  about  10^  on  each  side  of  the  0.    It  is  itaed 
orieni  the  table,  L  e*,  to  place  it  at  any  point  of  the  field  in 
same  ]>o3ition  with  respect  to  the  points  of  the  compass  tlist| 
had  at  other  stations  in  the  same  survey ;  or,  in  other  words, 
place  it  in  such  position  at  a  new  station  that  a  line  previ' 
drawn  upon  the  paper  shall  bo  parallel  to  the  line  of  dght  whi 
it    represents.       The   orientation   may   be  effected  as?  follow 
While   the   table   is  in   position   for  drawing  the  first  linci 
the  survey,  place  upon  it  the  declinator,  with  one  of  the 
edges  of  its  box  set  along  a  line  drawn  on  the  paper  for 
purpose,  and  note  the  reading  of  the  needle;   when  the  table] 
fcmoved  to  a  new  position^  turn  it  till  the  declinator,  pli 
along  the  line  as  before,  gives   the  same  reading.     Figure 
represents  the  plane-table  and  ita  accompaniments  as  used 
V.  S.  Coast  Survey. 

269.  The  plane-table  is  used  to  determine  the  shorter  liJ 
of  a  survey  in  extent  and  position* 

Having  placed  a  paper  on  the  table,  examine  the  objects 
lines  which  are   to  be   determined,  and  select  for  a  bawe  fiucll 
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line  of  the  trisngiilation  that  most  of  the  objecta  can  be  seen 
from  its  extremities*  Then  place  the  plane-table  oyer  one  ex- 
tremity of  the  base;  make  it  truly  liorizontiil,  and  turn  it  until 
the  larger  part  of  tlie  pa|>er  lies  oo  the  same  side  of  the  base 
with  the  objects. 


^thL 

kpoii 


Then,  tighten  the  clamp-screw^  and    mark   with  a  pointed 
pin  the  point  of  the  pa|K^r  directly  over  the  station,  wbith  point 
determined    most  aeciiratelj   by  8us|»endiug  a  plumb  from 
the   lower  side   of  the   table*      Press  the   pin    firmly  ou    this 
int,  bring  the  fiducial  edge  of  the  rider  against  it,  and  sight 
the  other  extremity  of  the  base-line,  and  mark,  with  the  pin 
I      or  pencil,   the  direction  of  the  line  nn  the  paper.      Sight,  in 

klike  manner,   to  every  other  object,   and   draw  on   tlic  paper 
Ihe  corresponding  lines,  numbering  them   from   the  base-line, 
I,  2,  a,  4.  &e. 
Then,  with  a  pair  of  dividers,  take  from  the  scale  a  certain 
nnmher  of  equal  parts,  to  represent  the  base,  and  lay  off  tlie 
distance  on  the  based iue  from  the  place  of  the  ptn.     Take  up 
.e   table,    carry   it  t<j   the  other  extremity  of   the  base,   and 
►lace  the  point  of  the  paper  corresponding  to   that  extremity, 
ctly  over  it.     Place  the  fiducial  edge  of  the  ruler  on  the 
-line,  and  turn  the  table,  by  means  of  the  tangent  screw, 
until  the  sights  are  directed  to  the  first  station.     If,  liowever, 
in  bringing  the  table  to  this  position,  the  corresponding  point 
the  paper  has  been  moved  from  over  the  extremity  of  the 
line,    move   the   legs   of    the    tripod    until    it    is   brotight 
ack  to  its  place.     Let   the   table  be  then  leveled,  afti^r  which, 
place  the  ruler  again   on   the  base-hue,  and   bring    the   table 
to  its  proper  position,  by  the  tangent-screw,  and  continue  the 
adjustment  until  the  extremity  of  the  base-line,  on  the  paper, 
is  directly  over  the   station,   and  in   the  same   vertical  plane 
with  the  base-Hne,  on  the  ground.     Then   direct  the  sights   to 
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aU  the  objects  dgbied  to,  bom  the  other  station,  and  nurl 
the  lines  1,  2,  3,  4,  &c.,  from  the  bobe-lme^  as  before.  The 
intersections  of  the  corresponding  lincB  1,1,  2,2,  3,3,  4,4,  4c, 
determine,  on  tlie  paper,  the  positions  of  the  seTcrftl  otij^cta, 
and  a  reference  of  these  lines  to  the  scale  of  equal  perti^ 
determines  the  true  distances. 

270.  Let  it  be  required,  for  exam- 
ple, to  determine*  by  means  of  the 
plane-table,  the  rebtive  posittoDS  of 
several  houses. 

From  station  A,  and  on  one  of  the 
lines  of  the  triangulatian,  as  AB, 
measure  the  base-line  AN,  which  we  will  suppose  eqoJ  W 
300  yards.  Place  the  pUne-table  at  A^  and  sight  to  the  eornen 
of  the  houses,  and  mark  the  lines  1,  2,  3,  4,  &e.  Then  remoTi 
tlie  table  to  iV,  and  sight  to  the  same  corners  as  before,  and  drif 
the  lines  as  in  the  figure.  The  points  at  which  they  interaelt 
the  corresponding  lines,  Before  drawn,  determine  the  oomen  d 
the  houses.  Tlie  front  lines  of  the  houses  may  then  be  drawn  on 
the  paper.  Draw  lines  at  right  angles  to  the  front  lines,  umI 
on  them  lay  off  the  depths  of  the  houses,  with  the  same  adk 
as  that  used  for  the  base  line. 

To  find  the  length  of  any  line  drawn  on  the  paper,  as  the 
line  1,  drawn  through  A,  for  example,  place  the  dividers  at  i 
aud  extend  them  to  the  other  extremity  of  the  line,  and  tlien 
apply  the  line  to  the  scale.  The 
length  of  the  line  1  is  equal  to 
198  yards. 

271,  In  this  example,  we  de- 
termine from  the  base-line  CD, 
the  positions  of  the  points  P,  E, 
and  IL 
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273.  For  further  deBcripticm  of  the  plane-table  and  its  MS, 
eee  ♦*  A  Ti-eutise  on  the  Plane-Tuble  and  its  use  in  Topognphii 
Surveying,"  by  E.  Hergesheimer,  U.  &  Coast  and  Geodetic 
Toy,  Eeport  for  1880,  Appendix  No.  13. 


SECTION      IIL 

PLOTTING     THE    T  R  I  A  N  G  U  L  AT  I  ON. 


The  sides  of  the  triangles  having  been  completed,  the  »0! 
may  then  be  plotted,  as  already  explained,  either  by 
of  tlie  circular  protractor^  or  by  the  method  of  chuids. 


u 


The  Circular  Protractor. 

274.  This  instrument  consists  of  a  brass  circnlar  limH 
Fig.  131,  of  about  six  inches  in  diumcter^  with  a  moviiUe  iD^ei 
J//,  having  a  vernier  at  one  extremity  -4,  and  a  milled  screw 
at  the  other  extremity  /?,  with  a  eoucealed  cog-wheel  that  worki 
with  the  cogs  of  the  limb,  and  thus  moves  the  index  AB  alxml 
the  ceuire  of  the  protractor.  At  the  centre  of  the  protractor 
is  a  small  circular  glass  plate,  ou  which  two  lines  are  cut;  the 
point  of  their  intersection  is  the  exact  centre  of  the  miror 
ttK'nt.  The  limb  is  generally  divided  to  half-degrees  j  the  de- 
grees are  numbered  from  0  to  3C0. 

At  the   0  point,   and    at    the    opposite   extremities  of  '^^ 
diameter  passing   through   t!iat  point,  are   small   lines  ou 
inner  edge  of  the  limb ;    the  two  extremities  of  the  diann 
perpendicular  to  tl^is  latter,  are  designated  in  the  same  wj 

Two  angular  pieces  of  brass,  each  haring  a  small 
sharp  steel  pin  at  its  extremity,  are  fastened  to  the  inrlex, 
revolve  freelv  around  the  lines  ab  and  cd.     The  small  sc 


V  c,  and  df  move  them  in  the  directions  of  the  lines  ab,  cd, 
the  purpose  of  bringing  the  steel  pins  exactly  into  the  line 
ich  passes  through  the   0  of  the  index   and  the  centre  of 
protrnetor. 

To  afdjust  them  to  their  places,  place  the  centre  of  the  pro- 
Btor  OTer  a  marked  point,  and  tlie  0  of  the  iodex  to  the  0 
the  limb,  :Then  mark  the  place  of  the  hidex  by  the  pins; 
>r  whiehj  turn  tlie  index  1S0^  and  see  if  the  pins  will  mark 
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the  same  jJOiDts  as  before.     If  thej  do,  the  index  ia  adju&ted; 
if  they  da  not,  correct  the  error  with  the  screws  a,  i,  c,  uid(/. 

275.  To  lay  off  an  Angle  with  the  Protractor.  ^Let  lU 

centre  be  placed  over  the  angular  pointy  and  the  diaraeter  | 
ing  through  0  and  180%  on  the  given  line.     Turn  the  »n 
that  worka  the  index,  until  the  0  of  the  vernier  coincides 
the  division   corresponding  to   the  given   angle;   then  let 
angular  brass  pieces  be  turned  down;  the  points  dotted bjt 
steel  pins  wilt  show  the  direction  of  the  required  line* 

If  this  line  does  not  pass  throngh  the  angular  poiat,  I 
pins  are  out  of  placi-,  and  nnist  be  re-adjusted. 

276.  First  Method  of  Plotting,— Suppose   it  wire  m\\M\ 
to  make  the  plot  of  the  harljor^  Fig.  123,  on  a  scale  of  450  v 
to  an  inch. 

Divide  the  length  of  the  base-line  AB,  which  is  wpd 
1140  yards,  by  450,  and  the  quotient  2.53  will  express 
length  which  is  to  repR^sont  the  base-line  on  the  paper. 

Draw  an  indefinite  line  AB,  to  repix?sent  the  buse;  mi 
having  chosen  any  point,  as  A,  for  the  first  station,  layoff  2JiI 
inches  to  i/.  The  other  extremity  of  the  base-line  will  thas  h 
determined. 

Then,  place  the  circular  protractor  at  A,  and  lay  off  tta 
angle  BAE^  and  then  the  angle  BAO*  Next,  place  the  jivo- 
tractor  at  B,  and  lay  off  the  angles  ABE  and  EBC,  Tto 
intersection  of  the  line^  AE  and  BE  will  determine  the  station 
E,  Let  the  protractor  be  tlicn  placed  at  this  point,  and 
the  angles  of  station  E  laid  down. 

The  point  O,  where  EG  intereccta  AG^  and   the  point  fii 
where  EC  intersects  BC,  will  then  be  found. 

By  phicing  the  protractor  at  C  and  G,  we  can  determine 
points  i>and  F,  when  the  place,  on  the  paper,  of  all  the  sta 
will  be  known. 


To  tiDlte  the  work  dono  wHIi  the  compass,  spread  the  com- 
-uotes  l>efore  you,  and  draw  through  A  a  line  to  represent 
the  meridian.  The  course  AE  lies  to  the  west  of  this  meridiau, 
aod  makc^  an  angle  of  12°  with  it. 

Then,  hiy  o3  from  the  gedo  tho  distances  Aa,  Ai,  Aq^  Ac^ 
Irf,  Ae,  and  at  tho  several  pointa  erect  perpendiculars  to  AE* 
ay  off,  on  these  perpendiculars,  the  lengths  of  tljc  offsets,  and 
lie  curve  traced  through  the  points  so  determined,  will  be  the 
largin  of  the  lake. 

At  E,  draw  a  parallel  to  the  meridian  through  A^  and  lay 
lown  the  course  BII,  which  is  easterly,  ami  makes  an  angle 
l>f  50°  with  the  meridian.  Then,  lay  down  the  8everal  diHtanccs 
the  offsets,  and  draw  the  offsets  and  lay  off  their  Icngtlia. 
)a  the  same  for  the  course  ///,  and  all  the  compass- work  wil! 
plotted. 

The  work  done  with  the  plane-table  is  united  to  tlie  work 
Jone   with   the  transit,    l)y  simply    reducing    it    to    the    same 
ale,   and    then    placing    the    line  AN  on    the  paper  of   tiie 
plane^tiible,   upon   the  line   /KV,  drawn    on    the    plot    of   the 
riangnlation, 

277.  Second  Method  of  Plotting.— Place  the  centre  of  the 
protractor  near  the  centa'  of  the  paper,  and  draw  a  line  tli rough 
iie  [xiints  0  and  180'^.  This  line  will  have  the  same  position  with 
Ibe  circular  protractor  that  the  base-line  AB  had  with  tlie  limb  of 
the  transit. 

Then  lay  off,  from  the  0  point,  an  arc  equal  to  tho  direction 
from  A  to  E,  also  an  arc  equal  to  the  direction  A  G,  and  through 
the  centre  point,  and  the  points  so  determined,  draw  lines. 
Lay  off  in  succession,  in  a  similar  manner,  tho  directions  taken 
at  all  the  stations;  and  through  the  centre  point,  and  the  points 
I  BO  determined,  draw  lines,  and  designate  each  by  the  letters  of 
Ube  direction  to  which  \t  corresponds. 
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Now,  gincc  all  the  line®  drmwn  oe  the  paper  have  the  i 
position  with  the  circular  protractor^  as  the  correspoiidiDg  Um 
on  the  ground  have  with  the  limb  of  the  tranott  it 
that  e*^h  direction  will  be  parallel  to  ita  eorreepondlng  line  np^ 
the  ground. 

Ueoce,  anv  line  may  be  drawn  parallel  to  that  passing  Lb 
0  and  180%  to  represent  the  base-line  AB,     Having  driwn  iMk| 
a  line^  and  marked  a  point  for  the  etution  J,  lay  off  (he  lei 
of  the  base,  and  the  extremity  will  be  the  station  A 

Through  A  and  i?,  so  determined,  dmw  parallels  lespectiri^ 
to  the  lilies  corresponding  to  the  directions  AE  and  BE,  ind 
the  point  of  intersection  will  determine  station  £1  Tiirougi 
B  and  E,  draw  parallels  to  the  lines  which  correspond  to  d» 
directions  BO^  CE^  and  their  point  of  intersection  will  determioa 
station  C  Through  C  and  E^  draw  lines  parallel  to  the  litttf 
corresponding  to  the  directions  CE  and  ED^  and  the  point  of 
intersection  will  determine  D*  In  a  similar  manner  we 
determine  the  stations  Fand  0> 


Method  of  Chords. 


r  278.   The  chord  of  a  given  arc  is  equal  to  the  sine  of ! 

I       the  arc  with  double  the  radius. 

For,  let  DA  F  be  any  given  angle, 

and  Ail  a  line  bisecting  it.     Let  DKC 

be  the  ohonl  of  the  arc  DC^  described 

with  a  given  radius,  and  EF  parallel 

to    CA    the    sine    of    half   the    given 

angle,  tt*  a  i-adius  AF  =.%  AC. 

Since  AF ^"^  AC,  w^e  have,  from  similar  triangles, 

2  AX';  but  DC^'ZEC,  hence  HF  =  CD. 

279.   To  lay  off  an  Angle, -^To  avoid,  as  far  as  possible,  tto 


SEC.   II  l] 


PLOTTING    TOE    TKIAKQULATION 


use  of  fraodoQS^  let  us  suppose  the  radius  of  the  table  of  natura^ 
gtned  to  be  1  ten,  or  10  hiehes. 


Take,  from  a  scale,  5  equal  part^, 
with  which,  as  a  radius,  frooi  the 
centre  J,  describe  an  arc  CD.  Take 
from  the  Uble  the  natural  sine  of 
half  the  are,  and   remove   ttie  decimal 

point  one  place  to  the  right;  the  result  will  espress  the  sine  of 
half  the  arc  to  the  radius  10,  or  the  chord  of  the  ore  to  the 
radius  5,  From  the  same  scale,  take  this  sine  in  the  dividers, 
and  from  C  as  a  centre,  describe  an  arc  cutting  CD  m  D;  draw 
ADf  and  CAD  will  be  the  angle  required. 

This  is  the  most  accurate  of  all  the  methods  of  laying  oflf  an 
angle,  and  it  may  also  be  applied  advantageously  to  the  second 
method  of  plotting,  thus : 

Draw    a   line    straight    line,    generally  in 
fcbe    direction    of    the    meridian    or    of    the 
se-line    of    the    survey;    and    also    a    line 

Iperpendicular    to    it.       From    the    p<iint    of 
intersection,  as  a  centre,    with   a  radius  of 

\h  equal   parts  of  the  scale,  describe   tlic  cir- 

[cumfurenee  of  a  circle  cutting  the  straight  lines  io  the  points 

[marked  0  and  90^ 

To  lay  oflT  an  angle,  as,  for  instance,  the  angle  14°  29',     The 

[half  of  it  is  7"   14'  30'',  the  natural  sine  of  which  is  n,12(;005, 

yoT  1.2G  to  the  radius  of  10  inches.  Set  off  from  0  to  ^,  as  in 
the  figure,  this  distance  taken  from  the  scale,  and  through  tlie 
two  jxiints  b,  b,  thus  determined,  draw  a  straight  line.  This 
line  should  pass  through  the  centre,  and  will  make  with  the 
line  (0,  0)  the  angle  14°  21*' ;  and  any  line  on  the  paper  drawn 
pamllel  to  it,  will  make  with  the  line  (0,  0)  the  same  angle. 
The  further  application  is  obvious. 


Fin.  ISi. 
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DEFINITIONS    AND     PRINCIPLES. 

280,   LeTelmg  is  the  art  of  determining  the  relative  difi^ 
tanees  of  points  from  the  centre  of  the  eArth. 

261.   A  line  whose  points  are  all  equally  distant  from  th<» 
centre  of  the  earth,  is  called  a  line  of  irue  let*el :  and  a 
ull  whose  points  are  equally  distant  from  the  centre  of  the  curtii, 
us  the  surface  of  still  water,  is  called  a  level  surface. 

282.   One  point  is  said  to  be  above  another,  when  it  is  I 
from  the  centre   of   the  earth  ;  and   this  difference  of  disi 
from  the  centre,  is  called  the  difference  of  level  between  the  I 
points. 


B 


283.  A  straight  line  drawn  tan^trnt 
to  u  line  of  true  level,  at  any  point,  is 
a  horizontal  line,  and  is  called  fche  line 
of  apparent  krel  Thus,  Fig.  lUb,  if  C 
is  the  centre  of  the  earth,  and  ^^^Faline 
of  trno  levoK  JBD  k  the  line  oF  apparent 
level.  This  is  the  line  of  level  determined 
by  an  ingtrumcuL  The  difference  l)e- 
tween  the  n[»purrnt  and  Iriie  level  of  the  points  A  and  E,  is  BEi 
tbo  iizcesis  of  the  secant  CB,  of  the  arc  AE,  over  the  radius  Ci 
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284,  To  find  a  general  formula  for  computing  this  excess,  we 
have  (Geom.,  B,  lY,  Prop,  XXX), 

AB^-  BE{BE-^2EC); 


^uL 


since  the  arc  AE  is  very  smuU  in  comparison  with   the 
iiua  of  the  earlh,  the  arc  AE  will  uot  differ  seusihly  from 
Ikhe  tangent  AB;  the  diameter  2EC  may,  for  the  same  reason, 
Pbe  taken  for  the  secant  (BE-\-ZEC);  hence, 


AE^  =  BEx2EC, 

BE  = 


or,     dividing  by  ^EC^ 
AE" 


%EC 


{IV 


I 


If  we  take  the  mean  diameter  of  the  earth  to  be  791^  miles, 
armnia  (1)  giveij 


BE  = 


7919 


(2),     hence, 


The  departure  of  the  apparent  from  (he  true  levels  starting 
from  a  given  pmnt,  is  equal  to  the  square  of  the  distance  to  the 
tcoftd  point ^  divided  hj  the  diameter  of  the  earth. 

If,  in  fonnnla  (2),  we  give  to  AE,  in  succession,  every  value 
rotn    1    chain   to  any   given  numher  of  cliains  (say  100),  and 
lace,  at  the  same  time,  hoth  terms  of  the  fraction  to  inches, 
la  table  may  be  computed  na  on  next  page. 

Observe,  that  when  the  distance  AE=  80  chains  =  1  mile, 
that  ^£'is  —  8.001  inches,  or  two-thirds  of  a  foot,  very  nearly  ; 
^aiid  for  any  other  distance,  d,  lu  milMy  we  have, 

P  :   (f3    ::    |  of  a  foot  :  fr/*; 

hence,  we  have  the  following  easy  rule  for  finding  the  correc- 
tion of  cnrvatnre  in  feet : 

The  correction  for  curvature^  ia  feet,  is  equal  to  two-thirds 
^of  tlte  square  of  the  distance  iti  miles- 


^4^^ 
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Table  s 

howing 

the  differences, 

in  inches,  between  the  true  audi 

apparent  level,  for  dletances  between  1  and  100  chaini.      1 

CloAm. 

Iscbea. 

CUilDe. 

Cluiin». 

laches. 

ChAJng. 

loebcft. 

1 

.001 

26 

.845 

51 

3.255 

76 

7.221 

2 

.005 

27 

.911 

52 

3.380 

77 

7,413 

3 

.011 

28 

.981 

53 

3.511 

78 

7.605 

4 

.020 

29 

1.051 

54 

3.645 

79 

7.802 

6 

.031 

30 

1.125 

55 

3.781 

80 

8.001 

6 

.045 

31 

1.201 

66 

3.925 

81 

8.203 

-' 

7 

.061 

33 

1.280 

57 

4.061 

82 

8  406 

8 

.080 

33 

1.360 

58 

4.205 

83 

8.61i  1 

9 

.101 

34 

1.446 

59 

4.351 

84 

8.83i 

10 

.125 

35 

1.631 

60 

4.500 

85 

9.043 

n 

.151 

36 

1.620 

61 

4.654 

86 

9.24G 

12 

.180 

37 

1.711 

62 

4.805 

87 

9.461 

13 

.211 

38 

1.805 

63 

4.9QS 

88 

9.C81 

14 

.245 

39 

1.901 

04 

5.  J  20 

89 

9.902 

15 

.281 

40 

2.003 

65 

5.281 

90 

10.126 

16 

.320 

41 

2.101 

CC 

5.443 

01 

10.351 

17 

.3G1 

42 

2.208 

67 

5.C12 

02 

10.58: 

18 

.405 

43 

2.311 

C8 

5.787 

93 

10.812 

19 

.451 

44 

2.240 

G9 

5.955 

94 

11.046 

20 

.500 

45 

2.531 

70 

6.125 

95 

11.233 

21 

.552 

46 

2.646  , 

71 

6.303 

96 

11.521 

23 

.G05 

47 

2.761 

72 

6.480 

97 

11.763 

23 

.661 

48 

2.880 

73 

C.662 

98 

12.017 

24 

.720 

49 

3.004 

74 

C.84G 

99 

12.246 

: 

25 

.781 

50 

3.135 

75 

7.033 

100 

12.603 

1 

h. 

J 
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The  part  of  the  instrument  shown  in  Fig.  136,  resb  on  i 
tripod^  to  which  it  is  made  fast,  and  on  which  it  i£  leveled  hj 
menus  of  two  leveling  plates,  such  as  are  described  in  the  account 
of  the  Tnuisit,  Art.  177. 

The  telescope  reiits  on  vertical  supports  called,  from  their 
shape,  ¥'??•  or  Wyes*  and  is  confined  in  the  wyes  by  loojm  or 
clips,  which  are  fastened  by  tapering-pins. 

The  t^h'scupe  has  at  each  end  a  ring  of  bell-metal,  larned 
very  truly  and  both  rings  of  exactly  the  same  diameter;  by  these 
it  revolves  in  tlie  wyes,  or  can  be  at  pleasure  clamped  in  any  posi- 
tion when  tlie  clips  of  the  wyes  ai-e  brought  down  upon  the  ringS) 
by  pushing  in  the  tapering- pins.  It  has  a  rack  and  pinion 
movement  to  both  object-ghuss  and  eye-piece* 

A  spirit-level  or  ground  bubble -tube  is  attached  to  the  uodcr 
side  of  the  telescope,  and  fornished  at  tlie  different  ends  with 
screws  for  movement  in  both  horizontal  and  vertical  directions. 

The  level  gcale  which  extends  over  the  whole  length  ia  gradu- 
ated to  tenths  of  an  iiichj  and  figui-ed  at  every  fifth  diviBion, 
counting  from  zero  at  the  centre  of  the  aperture  of  the  tube  througk 
which  the  ghiss  vial  apjK^ars ;  the  scale  is  set  close  to  the  glass. 

The  wyes  are  perpendicular  to  a  level-bar,  to  which  they  ftf^ 
screwed  fa«t ;  each  wye  has  two  nuts,  both  adjustable  with  tlte 
ordinary  steel  pin.  Connected  with  the  level-bar  is  the  head 
the  tripod-socket. 

The  tripml-socket  is  com|xiund ;  the  interior  spindle 
Fig,  137,  upon  which  the  whole  instrument  is  supported, 
made  of  steel,  and  nicely  ground,  so  as  to  turn  evenly 
firmly  in  a  hollow  cylinder  of  hell-metal;  this  again  ha^ 
exterior  surface  fitted  and  ground  to  the  main  socket  EE  of 
tripod-head. 

The  bronze  cylinder  is  held  upon  the  spindle  by  a  wash^ 
screw,  the  head  of  the  last  huving  a  hole  in  its  centre,  thro 
which  the  string  of  the  plumb-bob  is  passed. 


i 
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I  tipper  part  of  the  instrament,  with  the  sockety  may  thus 
iched  from  the  tripod-head ;   and  this  also  can  be  un« 


1   from  the  legs,  so   that   both   may   be   conTeniently 
.  in  the  box. 

ittle  under  the  upper  parallel  plate  of  the  tripod-head,  and 
main  socket^  js  a  screw  which  can  be  movodL  \tlVa  %  CK)Tt^% 


of  &e  koltov  f^liDdo; 
IB  the  tripod  vim  it  a 


tfe  het^  a  mtmt  W  ad  JBBted.    Tbe  adjut^ 
k  bristging  tfe  differeBt  initi  to  tbeir 


Thm  liDie  of  tnOimaJimi  m  the  axis  of  the  lelampe. 
ihh  axii»  tlie  Gas  dntim  thrai^  the  aen^B  of  tbe 
and  tbe  totcneetion  of  tbe  rni»-wtre%  witbia  the  I 
the  tdeioope,  ought  to  ooiDcide, 

FIRST    ADJUSTMENT. 

To  fix  the  intersection  of  the  croas-wires  in  the  axis  of  tbe 
I  telescope. 

286.  HaviDg  screwed  the  tripod  to  tbe  instmment,  ttmi 
t\ui  h*^*  und  place  them  firmlj.  Then  loosen  the  cknip*?**Tt'W 
HI  111  direct  the  telescope  to  a  small,  welWefiiiod,  and  distaiit 
o!>jfK!t.  TJieti  slide  the  eye-glass  till  the  cross-wires  urt  ttta 
I  diiiLiuetly ;  nUet  winch  adjust  the  object-glass  to  itg  pit>F<t 
j  foeuH,  when  the  object  and  the  cross-wirea  will  be  distinctl| 
HH'iK  Not45  now  the  precise  point  covered  by  the  intersection 
i^f  thf  rro»^»-wirc8, 

II living  done  this,  revolve  tbe  telescope  in  the  Ts  hfttf 
ninnd.  when  tlio  attached  level  will  come  to  the  upper  e^<l^ 
HiMi  if.  ill  tlnn  position,  the  horizontal  wire  appears  above  af 
bi»ltiw  ihi3  point,  aiul  in  either  ease*  looseu  the  one  and  ti^iit^n 
thu  (►ther  of  the  two  screws  which  work  the  horizontal  v»ir«] 
I  until  it  hint  1>ocn  carried  over  half  the  space  between  its 
position  uinl  the  observed  point;  bring  it  tlie  rest  of  the 
by  (ho  IcvclinjT  screws.  Carry  the  telescope  back  to  its  pi 
UiPvut  a^^uin  the  intersection  of  the  cross-wires  to  the  point, 

horizontal   wire   neither 


INSTRUMENTS. 

lor  descends  while  the  telescope  is  revolved.  A  similar  process 
11  arrange  the  vertical  wire,  and  the  line  of  eollimation  is  then 
bdjusted. 

SECOND     ADJUSTMENT, 

te  make  the  axis  of  the  attached  level  paraUel  to  the  line  of 

coHimation. 

287,  Tnrn  the  leveling-screws  until  the  babble  of  the  level 
Stand.^  at  the  middle  of  the  tube.  Then  open  the  loops  and 
KTerse  the  telescoptj.  K  the  bubble  still  stands  at  the  middle 
of  the  tabe,  the  axis  of  the  level  ia  horizontal ;  hut  if  not,  it  is 
inclined,  the  bubble  being  at  the  elevated  end.  In  such  case, 
mse  the  depressed  or  depress  the  elevated  end  by  means  of  the 
Bmall  screw  provided  for  the  purpose,  half  the  inclinatioo  ;  and 
then  with  the  leveling  screws  bring  the  level  to  a  Itoriznntal 
IfositJQn.  Reverse  the  telescope  in  the  Y's  and  make  similar 
eomctions  again  ;  and  proceed  thus  until  the  bubble  stands  in 
the  middle  of  the  tube,  iu  both  positions  of  the  telescope ;  the 
axis  of  the  level  is  then  horizontal. 

Ut  tbe  telescope  be  now  revolved  in  the  Y's.  If  ih(*  bu1>ble 
continaes  in  tbe  middle  of  the  tube,  the  axis  of  the  level  is  not 
only  horizontal,  but  also  parallel  to  the  line  of  eollimation.  If, 
however,  tbe  bubble  i'ecrd<."S  from  the  centre,  the  axis  of  the 
level  is  inclined  to  the  line  of  eollimation,  and  must  be  made 
pumllel  to  it  by  means  of  two  small  screws,  wliicli  work  hori* 
aonfcally.  Bj  loosening  one  of  them  and  tightening  the  other, 
tbe  level  is  soon  brought  parallel  to  the  line  of  eollimation  ; 
and  then,  if  the  telescope  be  revolved  in  the  Y*8,  the  bubble  will 
continue  at  the  middle  of  the  point  of  the  tube.  It  is»  however, 
difficult  to  make  the  first  part  of  thif?  adjustment,  while  the  axis 
of  tlie  level  is  considerably  inclined  to  the  line  of  eollimation; 
lor,  even  if  the  level  be  truly  horizontal  in  one  position  of  the 
Meecope,  after  it  ia  reversed  there  will  be  but  one  corresponding 


d 
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,  position  in  which  the  bubble  will  stand  at  the  middle  of  tbe 
tube.  Thia  suggests  the  necessity  of  making  the  first  pitrt  of 
the  adjui^tment  with  tolerable  aecuraey;  then,  haiing  made  the 
second  with  care^  re-examine  tlie  Hvst,  and  proceed  thug  till  the 
adjutitmeut  i&  completed. 


•» 


THIRD     ADJUSTMENT. 


To  make  the  level  and  the  line  of  collimation  perpendicultr  ^ 
the  axis  of  the  instrument^  or  parallel  to  the  level-bar. 

288.  Loosen  the  ckrap-gcrew  and  turn  the  bar  until  tlur 
level  comes  directly  over  two  of  the  leveling  screws.  By  meanJ 
uf  these  screws,  make  the  level  truly  horizontaK  Then,  tnm 
the  level  180''  ujx>n  its  vertical  axis  ;  if,  during  the  revolution, it 
continue  borizoDtal,  it  must  be  at  right  angles  to  the  aiis  of 
the  instrument  about  which  it  has  been  revolved.  But  if»ato 
the  revolution  J  the  level  Ije  not  horizontal,  rectify  half  the 
error  with  the  Bcrews  at  M  and  It,  Fig,  137,  and  half  with  the 
leveHng  screws.  Then  place  the  bar  over  the  other  two  le^clitiif 
screws,  and  make  tiie  same  examinations  and  corrections  iifi 
before ;  and  proceed  thus,  until  the  level  can  be  turned  entirely 
around  without  dis^placing  the  bubble  at  the  centre.  When  this 
can  be  done,  it  is  obvious  that  the  level  and  the  hne  rf 
collimation  are  at  right  angles  to  the  axis  of  the  instnimcnt 
about  which  they  revolve;  and  since  the  axis  is  carefully  a<i* 
justed  by  the  maker,  at  right  angles  to  the  bur,  it  follows 
that  the  line  of  collimation,  the  level*  and  the  bar,  are  parallel 
to  each  other. 

It  is  always  necessary  to  examine  the  adjustments  frequ 
in  order  to  secure  satisfactory  read  La. 
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"289,  The  leveling  rods  arc  need  to  determine  the  pomts  at 

» which  a  given  horizontal  line  iiitei-seete  lines 
Ihat  are  perpetidit:ulur  to  the  surface  of  the 
earth,  and  to  show  the  distances  of  such  points 
of  interse^ition  from  the  ground. 

There  are  three  kinds  of  rode  used  hy  En- 
gineers, known  as  the  New  York,  Phihtddphia, 
and  Boston  or  Yankee  rods.     The  Pbiladelpljia 
I      Rod  IB  divided  to  tenths,  and  reads  to  two-hun- 
K  dredths  of  a  foot.     The  New  York  and  Boston 
n  rods  are  divided  to  hundredths  of  a   foot,  and 
read  by  verniers  to  tliousaudths-     They  are  all 

I  sliding  rods. 
290.  New  York  Rod.-=This  rod,  which  is 
shown  in  Fig.  138,  is  cut  in  two  parts  so  that 
both   ends  may  be  exhibited.      It  is  made  of 
maple  or  satin- wood,  in  two  pieces,  slidiiig  one 
Ilroni  the  other,  always  in  the  same  direction,  m 
ihat  the  same  end  is  al  ways  held  on  the  ground, 
Bnd  the  graduations  start  from  that  point. 
I      The  gradwationft  are  made  to  tenths  and  hun- 
dredths of  a  foot,  the  tenth  figures  being  black, 
P'      and  the  feet  marked  witb  a  large  red  figure, 
A  target  is  used  to  indicate  wtiere  the  hori- 
zontal line  cuts  the  rod. 
K       The  face  of  the  target  is  divided  into  qnad- 
^rant^,  by  a  honzontal  and  a  vertical  diameter; 
^jand  these  diameters  are  the  boundaries  of  alter- 
^Riatfi  colors  with   whict)  the  diagonal  qnudrants 
Hure  painted. 
Ht     The  opening  in  the  face  of  the  target  ia  a 
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little  more  than  a  t^nth  of  a  foot  long,  so  tliat  in  any  positid 
tenth,  or  a  foot  figure,  can  be  seen  on  the  surface  of  the  rod. 

The  right  edge  of  the  opening  is  chamfered,  and  divided 
ten  eqnal  epacea,  corresponding  with  nine-bundredtiis  on 
rod  ;  the  divi.sions  start  from  the  horizontal  line  which  sep 
the  colors  of  the  face.  The  vernier  reads  to  tbousandths 
foot. 

For  heights  less  than  six  and  a  half  feet,  the  target  is  moK 
along  the  slidiog  part,  to  which  it  is  slightly  atta<."hed  by  spriii 
and  to  which  it  may  be  permanently  attached  by  a  elamp-scn 
and  the  reading  is  made  by  the  vernier  on  the  target 

When  a  greuter  height  is  ref|iiired,  the  horizontal  hue  of 
target  is  fixed  at  that  point,  and  the  upper  half  of  the  rod,  ( 
rying  the  target,  is  moved  out  of  the  lower,  the  reading  beil 
now  obtained  by  a  vernier  on  the  graduated  side,  up  to  an  ek 
tion  of  twelve  feet. 

TESTS     OF     ADJUSTMENT, 

291,  There  is  a  method  of  testing  the  adjustments  of 
Y  level,  which  ought  not  to  be,  neglected,  since  all  tiie  mn 
depend   on   the   accuracy   of  the   instrument.     The  method  i 
this: 


The  level  being  adjusted,  place  it  at  any  convenient  i)ointt 
as  G  (Fig,  139).    At  equal  distances  of  about  300  feet  in  om^^ 


L 


0  oppose  1 
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"^directions  from  the  instrument,  drive  two  pegs  firmly  into  the 
ground  and  take  readiiigis  of  the  rod  upon  them.     The  difTereiice 

iof  tbe  readings  will  be  the  difference  of  level  of  the  tops  of 
the  pegs,  even  though  the  level  be  out  of  adjuatmeot.  Now  set 
Ibe  level  at  alwut  50  ftn^t  bevoDd  cither  peg,  nearly  in  line  with 
them^  and  again  take  rod-readings  ujion  them  ;  the  difference  of 
these  new  readings,  corrected  for  curvature  of  the  earthy  should 
eqnal  the  difference  of  level  of  the  pegs  as  found  before.  If  the 
readuigs  are  not  what  they  slioiild  1h%  the  odjustment  miiy  be 
perfected   thus:    Call   the    further  |>cg   a^    the   nearer    peg    h^ 

I 

■and  tbe  position  of  the  instrument  c.  (Fig.  140).  Let  R  be  the 
first  reading  at  ff,  and  A"  that  at  b  ;  let  r  be  the  second  reading 
at  <i,  corrected  for  curvature,  and  r'  the  corresponding  reading 
at  h,  also  corrected ;  let 

then  we  have 

ab  {=  600  ft.)  :  (tc  (=  650  ft)   : :    ±  D  i  ±tl 

Add  the  correction  d  to  r,  and  having  set  the  target  to  this 
reading  on  cr,  bring  the  horizontal  wire  k>  coincide  with  it  by 
the  adjusting  screws.  See  also  that  the  bubble  is  in  the  middle 
of  the  run  at  the  same  time. 


Flo.  140. 
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SECTION     III. 


LEVELING     IN    THE     FIELD- 


292*  The  opemtioiis 
purpose 


1st.    For  the 


of  leveling  may  be  underUkeD 
of  determining  the  difference 


of: 


between  two  given  poinl«; 


2d*  For  the  purpose  of  obtaining  a  section  or  profile 
a  given  line,  as  in   the  preliminary   surveys  for  railroads 

canals ; 

Andj  as  will  be  described  hereafter, 

3d.    For  the  purpose  of  determining  the  contour  linei  i 
topographical  survey  ; 

4thlj.  For  the  purpose  of  determining  the  volume  of  mt 
given  mass  of  earthwork  or  masonry;  as  the  measoremiot 
of  excavations  and  embankments  for  canals  and  railftwd*? 
aud, 

5thly.     For    the    purpose    of    determining    and   ind 
boundaries  for   filling   and   excavation  ;    such   as  setting  doj 
eUikes,  &c. 


^ 


Difference  of  Level  between  Two  Pointg. 


293,  When  it  is  proposed  to  find  the  difference  cif  level  ^ 
any  two  objects,  or  stations,  all  levels  made  in  the  direction  or 
the  station  at  which  the  work  is  begun,  are  called,  for  the  ml^ 
of  distinction  merely,  back-sights  ;  and  levels  taken  in  thedii 
tion  of  the  other  station, /<?re-si'f/A^<f. 

Before  going  on  the  field  with  the  level,  rale  three  colnn 
as  below,  and  head  them,  stations,  back-sights,  fore-sights. 
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FIELD     NOTES. 


SUtiOM. 

+  BukSlefatK. 

—  Fora-Slghts. 

1 

10 

3 

2 

11.6 

0 

3 

6.8 

4.9 

4 

3.9 

8.3 

Sums 

.     .     .     32.3 

1C.2 

Dif.  of  leve 

16.2 
1    .     .     16.1 

Find  the  difference  of  level  between  any  two  points,  as  A  and 

G  (Fig.  141). 

294.  The  level  being  adjusted,  place  it  at  any  point,  as  ^,  as 
nearly  in  the  line  joining  A  and   G,  as  may  be  convenient. 

h 


Place  a  leveling  rod  at  A.  Make  the  level  horizontal  by  means 
of  the  leveling  screws;  turn  the  telescope  to  the  rod  at  -4,  and 
direct  the  rodman  to  raise  the  target  until  the  horizontal  line 


ab  pierces  its  centre ;  then  note  the  distance  Ab  (equal  to  10 
feet  in  the  preseut  example)  and  enter  it  in  the  eolanm  of 
back-sights  opposite  station  1. 

Send  die  rodraan  forward  to  some  point*  as  J\\  in  the  pro- 
posed direction,  and  sight  to  the  rod  as  before;  enter  i be  dis- 
tance Xa,  equal  to  3  feet^  in  the  column  of  fore-sights  oppceite 
elation  1  (£?),  Then  remove  the  level  to  a  convenient  potni, 
m  C  {2),  Direct  the  rodraan  to  run  op  the  vane  to  the  pniper 
height;  then  make  the  back-sight,  and  enter  it,  yd  ==  ILfi  feet, 
in  the  eoUnnn  of  back-sights,  opposite  etatioo  2,  Let  the  wd* 
mnn  Ur-q  be  sent  forward  to  a  convenient  point,  as  M^  aod 
make  the  fore-sight  to/;  and  enter  M/=0,in  the  col 
fore-sights,  opposite  station  2  (C).  Remove  the  level,  in 
sion,  to  I)  and  By  aud  make  similar  levels  at  thoso  points,  and 
enter  the  results  in  the  eolurnii  of  back-sights  and  fore-sigbi^ 
opposite  station  3  (D),  and  4  (E), 

It  is  evident  frotn  the  figure,  that  the  difference  of  level  NF, 
between  A  and  iV^  is  eqnal  to  Uiq  back-sight  bA,  diminished  bjr 
the  fore-sight  aN;  also  that  the  difference  of  level  between 
N  and  i/,  is  equal  to  the  back-sight  d^,  diminished  by  the 
fore-sight  0,  and  since  each  set  of  observations  is  entirely  indfr* 
pendent  of  every  other  set,  we  may  infer  that  the  difference  «/ 
level  beiteeen  iiva  cousecuUve  poiftts,  a^  determined  by  flte  mnn 
poftifion  of  the  level,  is  equal  to  Ihe  hack-sight,  diminished  by  th 
fore-sight.  If  the  fore-sight  is  greater  than  the  baek-s]ght»  tke 
difference  will  be  affected  with  a  Tulfius  sign,  a  result  which 
shows  that  the  second  point  is  lower  than  the  first ;   and. 

Generally,  the  difference  of  level  between  any  two  poirUSt  deter* 
mined  as  above,  is  equal  to  the  sum  of  the  back-sights  diminishid 
by  the  sum  of  the  fore-sights.  If  the  result  is  plus,  the  second 
point  is  higlier  than  the  first ;  if  negative,  it  is  lower. 

I  In  the  example  given,  the  difference  of  level  between  A  and 

I    (]?,  is  16  feet  and  1  tenth 


1  1  tenth. 

i 
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295.  In  the  above  example,  wc  did  not  regard  the  difference 
between  the   true  and  apparent  level.      If  it  is   necessary  to 
ertain  the  result  with  extreme  accaracy,  this  difference  must 
considered  ;   and  then,  tlie  horizontal  distances  between  the 
JcTel*  at  each  of  its  positions,  and  tlie  rods,  must  be  meiisured, 
nd  the  apparent  levels  diminished  by  the  differences  of  level ; 
iicb  differences  can  be  found  from  the  table. 

EXAM  P  L  E. 


8lAt, 

BKk-Mi. 

DMuusM. 

VoKMt. 

Dbiaiuim. 

Cor.  back-«ta. 

Car.  for-etiu 

u 

9.8 

20  ch. 

1.6 

32  cb. 

9.7583 

1.4933 

V 

8.7 

25  ch. 

2.4 

28  cb. 

8.6349 

2.3183 

3 

5.2 

18  ch. 

3.1 

10  cb. 

fi.l6G3 

3.0734 

4 

10.3 

29  ch. 

1.9 

87  ch. 

10.2124 

1.1115 

5 

11.0 

45  ch. 

2.5 

72  ch. 

10.7801 

1.9600 

44.5G10 

8.9565 

In  this  example,  the  first  column  shows  the  stations ;    the   ' 
second,  the  back-sights  ;  the  third,  the  distances  from  the  level 
in  each  of  its  positions  to  the  back  rod  ;  the  fourth,  the  fore- 
aights  ;  the  fifth,  the  distances  from  the  level  to  the  forward  rod;  " 
the  sixth  and  seventh,  are  the  eolumna  of  back  and  fore-sights,   ] 
csorrected  by  the  difference  of  level.      The  corrections  are  thus 
made :  The  difference  of  level  in  the  table  corresponding  to  20  ,| 
chains,  is  5  tenths  of  an  inch,  or  .0417  of  a  foot  neurlj;  which 
being  subtracted  from  9.8  feet,  leaves  9.7583  feet  for  the  corrected  ^ 
back-Bigbts;    this   is  entered   opposite   station    1   in   the    sixth   * 
(X>Inmn*     The  difference  of  level  corresponding  to  32  chains,  is 
1.280  inches,  or  :10H7  feet»  nearly;  which  being  subtracted  from   ^ 
the  apparent  level,  1  fuot  G  tenths,  leaves  1.4933  feet,  for  the  true 
fore-sight  from  station  1.     The  other  corrections  arc  m'ode  in 
the  same  manner. 
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The  soul  of  the  back-sigbta  bein^  44^5610  feet,  and  the 
8Qm  of  the  fore-sights  8.9565  feet,  it  follows  that  the  diSereoce, 
35,6045  feety  is  the  true  difference  of  level 

296.  In  finding  the  troe  from  the  apparent  lerel,  we  1 
not  regarded  the  effect  caused  bj  refraction  on  the  appimt 
elevation  of  object^v  ^  ^^^^  beeaase  the  refraction  is  different 
in  ditFercnt  states  of  the  atmogphere,  as  bccsiuse  the  currsctiou 
are  for  short  distances  inconsiderable.  The  error  oocusione^  by 
refraction  is  opposite  to,  and  tends  to  diminisli,  the  error  occsr 
sioned  by  the  curvature  of  the  earth.  If  desired,  it  majr  In 
corrected  by  diminishing  the  effect  of  the  earth's  en-'-'  r  ^-' 
ouc-seventh  of  itself* 

297.  The  small  errors  that  would  arise  in  regarding  thi 
a[JiHireiit  as  the  true  level,  may  be  avoided  hy  placing  the  krtUng 
roth  at  equal  distances  from  the  leveL  In  such  c^e,  it  is  plain, 
list,  that  equal  corrections  must  be  made  iu  the  fore  and  back- 
sights; and,  2dly,  that  when  the  fore  and  back-«ight«  m 
diminislied  equally,  the  result,  which  is  always  tlie  difference  of 
their  sums,  will  not  be  affected. 

This  method  should  always  be  followed,  if  practicable,  w  it 
avoids  the  trouble  of  making  corrections  for  the  difference  of  tnw 
and   apparent  lev-el. 

The  differences  Ijetween  the  true  and  apparent  level,  boii»| 
very  inconsiderable  for  short  distances,  if  only  ordinary  accuracy 
13  required,  it  will  be  unnecessary  to  make  measurements  at  oil 
Cure,  however,  ought  to  be  taken,  in  placing  the  kvaUng  rod% 
to  have  them  as  nearly  equidistant  from  the  Isvel,  which  can  be 
effected  by  the  rodman,  by  pacing  the  dist^ince  from  buck*sight 
rod  to  level,  iind  from  level  to  fare-sight  rod  ;  and  if  the  distaocei 
ssre  unequal,  let  the  next  distances  also  be  made  unequal ;  that  ^ 
if  the  buck-sight  h  the  longer  in  the  first  case,  let  it  be  mad*^ 
aporlionably  shorter  in  the  second,  and  the 
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298,  111  the  surveys  whicli  precede  the  construction  of  roads, 

milroodst  canals,  dikes,  or  other  similar  earthworks,  the  sarveyor 

ust  make  such  measurements  as  are  necessary  to  enjible  him 

estimate  the   vuhime  of  the   material   to  be  removed.      In 

addition^   therefore,   to  the   horizontal    moasurenients   made  in 

nnection  with  the  hcaiiou  of  tlie  work,  verticsd  dimensions, 

r  heights,  are  also  necessary,  and  are  takeii  at  every  important 

ihange  in  the  inclination  of  the  surface  alotig  the  line  of  the 

arvey, 

^  These  heights  are   taken   by   the    level  and    rod,  and    are 
ply  yertieal  distances  of  points  along  the  surface  above  an 
aed  level  line  called  the  datum  line. 


299.  Iq  the  survey  of  a  long  line  of  railway  or  canah  one 
l>f  whose  termini  is  in  the  vicioity  of  tide-witter,  the  datum  line 
jia  usually  assumed  at  the  k^vel  of  mean  high -water.  In  cases 
tif  surveys  entirely  inland,  the   datum   line   rs   taken  at  some 

^nveuient  depth  below  the  beginning  point  of  the  survey,  and 
It  such  a  distance  that  it  shall  bo  below  the  entire  line  on  the 

Iff  ace.     For  such  surveys,  the  system  of  notes  descnbed   in 

ae  preceding  section  is  insufficient. 


300.   As   the   survey  progresses,   fixed    points  of  reference, 

balled  benches,  are  located  in  the  vicinity  of  the  line.     Permanent 

>bjocts  are  usually  selected  for  benches  ;  such  as  rocks,  build 

%p  or  trees,  and  at  such  distaiices  from  the  line  of  the  work 

to  be  undisturl>ed  by  the  subsequent  construction. 


1 


J 
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301.  Temporary  benches,  employed  merely  while  changmg 
the  iKtsition  of  the  lereltog  instrument,  are  called  turning pointt. 
In  either  case,  a  well-defined  point  must  be  proTided — one  not 
easily  disturbed  by  a  blow,  and,  moreover,  one  upon  which  tk 
rod  can  be  held  vertically. 

302.  In  order  to  understand  the  field  operations  and  the 
mode  of  keeping  notes,  it  will  be  necessary  to  eompreLieud  tbf 
principle  involved  in  all  leveling  practice. 

Suppose  that  the  depths  of  different  [x^inta  of  the  bottom  of  a 
shallow  lake  are  required  ;  these  could  be  readily  obtained  bj 
measuring  the  distances  from  the  surface  of  the  water  to  the 
bottom  by  means  of  a  sounding  line,  or  in  winter  by  cutting 
holes  in  the  ice  and  measuring  the  distances  to  the  bottom  wilk 
a  pole. 

In  this  illustration  the  various  points  on  the  bottom  are 
lomted  with  reference  to  the  plane  of  the  surface  of  the 
water. 

The  practice  of  leveling  is  identical  in  principle*  The  hori- 
zontal surface  of  reference,  from  which  to  deduce  relative  height 
is  generated  by  the  line  of  collimation  as  the  telescope  is  revolfrf 
about  the  vertical  axis*  and  the  '* soundings"  tti  points  below 
this  plane  of  reference  are  made  with  a  leveling  rod,  whose 
lower  end  rests  upon  thp  point  to  be  located,  and  whose  taiTgct 
is  moved  so  that  the  plane  of  reference  shall  cut  its  horizontal 
line. 

When  the  instrument  is  set  up  at  a  new  station,  the  distance 
of  its  new  plane  of  reference  above  or  below  the  previona 
one,  must  be  determined  in  order  to  secure  continuity  of  tb^ 
work. 

303.  The  following  example  will  exhibit  the  method  of  re- 
cording the  ^  '  >f-a  sec  '  The  datum  line  is  assum^^l 
to  be  tb                                               ^nch.     When  the  field-book 
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is  of  the  ordmarj  pocket  size,  the  seren  ealmuMef 
generally  occupy  two  oppofiite  pages;  tbe  fiisl  Its  bi 

the  left-hand  page. 


mm 


r  A' 


Jj^twion 


A 


m«t. 

+  SlKht. 

Ht.Qrinr. 

-Siffat. 

■■rhw 

1 

Bench. 
0 
1 

L637 

31.637 

2.1 
1.8 

3a 

29.5 
89.8 

m^mmmm 

1« 

0.9 

30.7 

2 

3.4 

2aa   . 

3 

10.8 

20.8 

1 

T.  P. 

1.910 

22.134 

11.413 

20.224 

4 

6J 

KU 

5 

9.0 

13.1 

5«> 

10.4 

11.7 

G 

9.8 

12.3 

_  J 

7 

10.6 

11.5 

* 

Tlic  bench  having  been  selected  and  marked,  its  location  u 
described  in  the  column  of  remarks. 

The  level  ia  adjusted  in  some  convenient  place  in  the  vicinity, 


J 
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and  the  reading  of  the  rod  is  taken  upon  the  bench-  In  the 
aboYC  example  it  is  1.637.  As  the  bench  is  30  feet  above  the 
asfinmed  diitum  line,  tlm  height  of  the  iustrumeni  (or  Hoe  of 
collimatioa)  above  this  datum  line  is  31.637  feet 

The  reading  is  recorded  against   lieuch,   in   the  colnmn' 
+  sighis,  and   the  ** height  of   instrument"  is  recorded  in  m 
proper  column,  in  the  same  line. 

By  referring  to  the  above  diagram  it  will  be  readily  seen, 
that  to  obtain  the  height  of  the  different  points  0,  1,  1®  4c»» 
above  the  (hitum  line,  it  is  only  necessary  to  take  the  readings 
of  the  rod,  at  these  stationi^,  and  subtract  them  from  31.637. 
Such  readings,  therefore,  are  appropriately  termed  tnintis  aiffhtg, 
and  are  recorded  in  the  ^th  column.  As  tbese  readings  are 
taken  only  to  the  nearest  tenth  of  a  foot,  they  are  taken  laueh 
more  rapidly  than  the  bench  leadings.  The  subtractions  by 
which  the  surface  heights  are  fonnd,  may  be  worked  in  the 
field  or  not,  as  the  surveyor  chooses.  The  unit  of  meagnreinent, 
in  the  column  of  distances,  is  usuallj  the  engineer's  chain  of 
100  feet.  Readings  are  taken  at  intermediate  points  (as  at  160 
fet*t  in  the  above  example)  when  there  are  abrupt  uhangea  ill 
the  inclination  of  the  surface. 

306.  Wlicn  it  becomes  necessary  to  change  the  }K)siiion  of 
the  levelj  such  raeaatires  must  he  taken  as  will  insure  the  eiact 
•*  height  of  instrument,"  in  the  new  position. 

To  effect  this,  a  carefully-selected  hard  point  is  found  (not 
necessarily  on  the  exact  line  of  the  survey,  but  as  fiir  forward 
as  convenience  and  accuracy  will  permit),  and  a  reading  of  the 
rod  ifl  taken  upon  it,  to  thousandths* 

If  likely  to  be  used  for  a  single  occasion  only,  it  is  called  a 
^Uurninff'poini,*'  and  marked  T.  P.  in  the  distjince  colnmn; 
otherwise  it  is  called  a  Bench,  and  its  location  is  described  ill 
the  column  of  remarks. 


IF.  J  SECTION     LETELIXlt. 

A  tunjitig-poitit  is  tnken  between  stiitions  3  and  4,  in  the 
above  example.  The  reading  of  the  rod,  ajwH  it,  is  11*413. 
This  is  recorded  in  the  —  sight  column,  and  the  surface  height 
of  the  point  is  at  once  found  as  before,  and  recorded  in  the 
colnmn  of  "Heigh^^** 

The  level  is  next  carried  forward  to  a  new  ]X)sition,  adjusted, 
and  directed  again  upon  the  rod  still  held  upon  the  tuniing- 
point.  The  reading  is  taken  to  thousand tli8.  This,  wlien  added 
to  the  height  of  the  turning-point,  evidently  give:^  the  height  of 
inHtrnment  in  its  new  position.  It  is  recoi-ded,  therefore,  a:§  a  + 
sight  The  survey  is  now  continued  by  taking  —  sighfca  at  the 
various  poiut^  aloug  the  !ine  until  it  becomes  again  necessary  to 
change  the  position  of  the  level. 

In  the  above  example,  the  rei\ding  of  tlic  rod  upon  the 
turning-point,  from  the  second  position  of  the  level,  is  1.910. 
The  height  of  the  point  upon  which  the  rod  stands  is  20,224, 
The  mm  of  tliese,  or  22.134,  is  the  "Height  of  Inst,*'  for  the 
second  set  of  —  eights.  The  successive  subtractions  of  the 
readings  from  the  Heiglit  of  Instrument,  give  the  suilace  heights 
as  before. 

The  most  extended  sectiou  levels  are  but  repetitions  of  this 
process.  iM 

305,   The  rules  for  taking  and  recording  field-notes  in  section    i 
"leveling  are  as  follows:  ] 

I.  The  '"distances"  recorded  in  tlw  first  eolnnin  are  the 
horizontal  measurements ,  in  chains,  from  the  beginning 
of  the  sitrveij  to  the  points  trhose  heights  are  to  be  deter- 
mined. TIte  heights  are  taken  at  each  n^JtoJe  rhain^  and 
(It  siich  intermediate  points  as  the  irregularities  of  the 
iiirfaee  require. 

II*   The  first  reading  of  the  rofj ,  after  cticb   ae.Uvivi 
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tfie  level,  is  upon  a  bench  or  turning-point ,  and  U  a  ''  4 
81UBT ;  "  all  other  readings  are  "  —  sights." 

IIL  Tlie  4-  sight,  added  to  the  height  of  the  point  upn 
ivhich  the  reading  was  taken,  gives  th^  "  ff eight  of  Insirth 

nienL  " 

IV.  The  —  sights  taken,  at  any  position  of  the  lenl, 
subtracted  from  tfte  ** Height  of  Instrantent*'  for  th<ii 
position,  give  tlw  corresponding  *'  Surface  Heights,' 

V.  All  tlie  +  SIGHT  readings,  and  the  last  —  sight  of 
each  set,  being  upon  benches  or  turning-points,  are  inkm  k 
thousandths  of  a  foot.  Hie  remaining  *' —  sights"  an 
taken  t^  tenths  only. 

Note. — It  will  be  ohserYcd  that  when  the  column  of  "snrfaoe 
heights  "is  complete,  the  eecond,  third,  and  fourth  columD«  rf 
the  field-notes  mfc  ir>  longer  needed.  The  first  and  fifth  columniv 
which  together  contuin  the  horizon tal  and  vertical  meafiurfisfats 
for  the  line  of  work,  afford  all  the  data  necessary  for  mapping 
the  profile  and  determining  the  grade-line, 

306.  The  location  of  the  benches  ehonld  he  so  dcscrihed  in 
the  column  of  '*  remarks/'  that  any  particular  bench  may  be 
found  at  any  time,  by  referring  to  the  field-notes*  The  impof* 
tiince  of  this  is  apparent  when  it  is  reraerabered  that  the  prooes 
of  construction  destroys  or  removes  tlio  stakes  along  the  line  rf 
the  survey,  and  that  the  question  of  the  completion  of  the  work 
can  be  determiDed  only  by  reference  to  the  benches.  It  ^ 
obinons,  also,  that  they  should  be  established  somewhat  off  tltf> 
line  of  the  survey.  The  distance  apart,  of  regularly  cstablieW 
benches,  should  be  governed  by  the  above-mentioned  uses  of 
them, 

x\ny  turning-point  may  Ik)  profitably  made  a  bench  (wbeo 
it  can  be  made  permanent),  by  carefully  recording,  so  W  ^ 
admit  '  '  ^fcification. 


In  order  to  eliminate  the  effects  of  curvature  and  refraction, 
Hurning-pointd,"  whether  used  iis  benches  or  not,  should    bo 
ten  at  equal  distances  from  the  instrumant  when  practicable, 
coin])CiisatioD  should  be  secured  by  proportional  distances,  as 
Art.  297. 

307.  In  conducting  a  section  lerel  through  a  rocky  district, 
miug-points  in  abondance  aro  found  at  bund,  and  cause  no 

lelay  in  their  preparation,  wbereaa  a  bench  in  the  same  section^ 
■equires  marking  and  locaUiig* 

In  leveling  through  flat  and  level  sections  of  country, 
J  though  the  engineer  can  get  *'8iglits"  for  long  distances,  a 
proper  regard  for  accuracy  will  induce  him  to  limit  the  distance, 
letween  successive  positions  of  the  level,  to  about  six  hundred  feet. 
Jnder  such  eircumstaueeH,  each  tuniiug-point  is  made  u  bench. 

308.  The  methods  of  establishing  benches  aro  various.  In  a 
PDcky  section,  some  conspicuous  point  is  marked  either  by 
Irilliug  or  grooving  the  rock.  In  villages  or  cities,  stooe  st^ps, 
ir  projecting  courses  of  masonry  to  dwellings,  curb-stones,  and 
lence-posts  aJlord  good  benches,  and  admit  of  easy  identification. 

In  sections  where   trees  abound,  a  notch  is  cut  in  the  side 

a  trunk  near  the  root,  in  euch  a  manner  as  to  leave  a  pro- 
ecting  point  upon  which  the  rod  may  be  held  vertically.  A  nail 
Iriven  full  length  into  tlie  projeotiou,  gives  it  the  necessary  firm- 
e^g  for  a  bench. 

In  marshes  or  prairies,  whore  there  are  neither  rocks  nor 
tojes,  the  engineer  is  compelled  to  resort  to  long  stakes,  firmly 
liven  into  the  ground  to  such  a  depth  qb  to  bo  undisturbed  by 
the  frost ;  no  ])ortion  of  tlie  stakes  being  allowed  to  project  above 
tlie  surface.  The  top  of  each  is  trimmed  to  a  kind  of  blunt 
point,  into  which  a  nail  is  driven  its  full  length. 

A  re-9urvey  of  a  route,  to  detect  possible  errors  in  leveling, 
is  accomplished  by  taking  the  heights  of  the  '* benches*'  only, 
ftnd  is  called  a  *'  check  level/* 


^BOQC  fit 

Drawing  the  Profile. 

When  the^soctioii  lerel^of  a  line  of  work  hisbeoii 
i,  the  **  profile  *'  is  next  to  be  drawn.  The  method  d 
i  wry  simple. 
boraonti^  line  to  represent  the  daium  line  is  first  dmwD, 
and  the  distances  from  the  first  column  of  notes  aire  kid  o^ 
mkmg  itt  to  a  coniTnient  scale ;  this  far  ordinary  working  draw- 
ings is  about  two  hundred  feet  to  an  inch. 

The  ** surface  heights'*  corresponding  to  those  distant^  are 
next  laid  off  at  right  angles  to  the  datnm  line^  und  ubove  it, 
bcil  to  a  scale  nsually  ten  times  as  great  aa  that  employed  &r 
Um  liotiioiilal  dislnncefi;  that  is,  an  inch  upon  the  vertical  tines 
t^ffseenta  one-tenth  as  many  feet  as  upon  the  datum  line.  A 
line  joining  the  upper  extwmity  of  the  verticals,  is  the  profile. 

By  thus  employing  two  different  scales,  the  irregularirita 
of  the  snrliwe  are  made  more  apparent  to  the  eye,  and  the^b- 
se^iiient  adjustment  of  the  *•  grade-line  **  is  rendered  much  etia« 
and  more  accurate. 

31(X  Every  earthwork  of  importance  requires,  in  addition  to 
the  working  proQ1f«,  a  geneml  map,  iu  which  the  plan  drawn  {rum 
the  transit  survey  is  represented  upon  the  same  sheet  as  the  profile. 

The  horiiontal  distances  of  both  portions  of  the  map  being 
drawn  to  the  same  scale*  and  one  being  placed  directly  above  tb^ 
otlicr,  ct>rrc§pondins?  points  in  plan  and  profile  arc  readily  oom[iftred. 

In  published  ma|is  of  tbiss  kind,  representing  extended  works, 
and  drawn  for  convenience  to  a  very  small  scale,  the  verticil 
scale  of  the  profile  is  frequently  several  hundred  times  asgreit 
as  the  horizontal. 

Establishment  of  the  Grade. 
I  311.   The  determination  of  the  height  which   the  fioiahed 

I      road  or  ouiud  shall  have  aljove  the  datum  liiK*  at  different  poiat^ 
^^fl  called  ''  Establishing  the  grade." 


BECL   IV.J  6ECT10K    hEVEJAlXO.  2ll 

The  position  and  inclinatton  of  grade-lines  are  influenced  by 
a  Tariety  of  cirtjumstances : 

Isu  The  character  of  the  work.  A  street  admits  of  an  lo- 
cliDation  of  fiire,  or  even  eight  feet  in  a  hundred,  and  requii^es 
about  one  fLM>t  for  its  drainage,  while  a  rise  of  I  wo  feet  in  a 
hundred  upon  a  raih*oad  is  exceedingly  rare.  A  canal  is,  of 
course,  level,  the  change  of  height  being  effected  by  abrupt 
transitions  at  the  locks. 

2d.  The  economy  of  construction.  It  is  demrable  to  make 
the  earth  excavated,  form  the  required  embankments,  or,  in 
the  language  of  the  engineer,  "  tu  make  the  cuttings  balance  the 
fiUings." 

It  is,  however,  sometimes  more  economical  to  throw  away, 
or  **make  a  spoil  bank*'  of  the  earth  of  an  excavation*  than  ] 
to  traus^port  it  the  reqiured  di.stauce  fur  the  embankment. 
Embankments,  for  similar  reasons,  are  often  constructed  of 
earth  obtained  outside  of  the  road  Hmits  ('^borrowing  pits") ; 
or*  when  such  means  are  not  available,  are  often  made  of  Umber 
framing  (trestle-work). 

3d,  The  natural  obstacles,  which  rentier  the  construction 
difficult ;  such  as  rocky  ledget^j  marshes,  lakes,  streams,  and 
quicksands. 

In  any  case,  the  engineer  determines,  by  inspection  of 
the  maps*  at  what  points  the  grade-line  shall  intersect  the 
fei»tural  surface.  Thus  the  inclinatTim  of  the  grade*  and,  con- 
sequently, its  height  above  the  datum  lino,  for  each  "ilistance/* 
are  easily  found. 

Another    column   of   notes   i-^   now    made,    recording    these 

I ^radc  Heights ;  ^'  each  being  placed  against  the  correspond iug 
^face  height, 
312.   The  following  example,  with  its  accompanying  diagram, 
illustrates  the  method  of  establishing  a  gratle  and    recording 
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tanoes*'  and  "surface  heights/'  are  the  sarae  as  in  the  preceding 
problem  • 

We  will  suppose  it  is  required  to  establish,  in  the  follon 
profile,  a  grade-line  whose  inclination  shall  not  exceed  3  in 
the  grade  to  begin  at  station  0,  at  tlie  surface. 


FiQ.  113. 


Dial. 

+s. 

H.  or  Im. 

-S. 

H.  of  Bar. 

H.of  Or. 

Cot. 

FOL 

tea. 

0 

29.5 

29.5 

1 

29.8 

26.8 

3.0 

1» 

30.7 

25.2 

6.5 

2 

38.2 

24.1 

4.1 

titr 

3 

20.8 

21.4 

0.6 

T.R 

4 

10.3 

18.7 

2.4 

5 

13.1 

ICO 

3.9 

6» 

11.7 

14.7 

3.0 

6 

13.3 

13.3 

1.0 

7 

11.5 

OKI 

It  is  an  easy  matter  to  represent  any  required  incUnati 
of  grade   on    the   profilo  miip;   nothing   more  being  necc 
than  to  1*^*'  '^^  the  proper  di^tunces  on  two  different  vertical^ 
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Iraw  a  line  tliroiigh  the  points  of  measurement  For  in- 
Itance:  a  grade  of  3  in  100,  running  downward  from  station  0, 
rould  inberBO€t  the  vertical  at  0,  eighteen  feet  lower,  aod  tho 
rertjcal  at  7,  twenty-one  feet  lower. 

Moreover,  by  cousnitiug  the  notes,   we  find  that  a   grade- 
line  from  0,  whose  heigbt  i^  ^9.5  feet,  ending  at  the  surfiiee 
^t   4,   whose   height  is   11.5   feet,   descends   18  feet   in  700,  or 
.67  in  100. 

Either  of  these  lines  would  fiilfil  the  rcqnired  conditions, 
Che  first  would^  however,  require  in  its  constraction  a  hir;^e 
excess  of  excavation  over  the  embankment  (as  may  be  seen  by 
Ira^^-ing  a  faint  line  in  the  diagram).     The  second  would  give 

excess  of  embankment. 

It  is  best,  generally,  that  tlie  cutting  should  be  slightly  in 
JBxeess,  as  nearly  all  kinds  of  earth  shrink  a  little  in  the  process 
bf  removal. 

The  cuttings  and  fillings  of   the  profile   may   be   balanced 
ith  tolerable  accuracy,  by  stretching  a  thread  across  the  pro- 
ple  00  as  to  intersect  at  the  0  i»oint,  and  then  varying  the  in- 
clination, until  the  areas  cut  off  by  the  profile  line  on  oppt>site 
bides  of  the  thread  appear  erpnd  * 

The  column  of  (rrade  Heights  mu!?t  now  be  filled.  It  is 
asily  and  mpidly  done.  The  height  of  Grade,  at  U,  is,  by  the 
onditions,  29.b.  At  station  1,  it  must  be  3.7  lower,  or  2C.8 ;  at 
,00,  4-3  lower,  or  25.2;  and  at  2,  5.4  lower,  or  24.1,  &c. 

The  remaining  columns  of  ''cut*'  and  **fiH"  contain  simply 
the   ilifTerenees    between   corresponding  ** surface"  and   *' grade 


i 


( 
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•  Tbd  ttdvjtr.U|p5  of  a  tliri'atl  over  a  ruler  lie*  Id  (be  fact,  that  while  uping  the  thrc&^l, 
the  ATiiftJi  OQ  both  tidct  of  it  are  tfcen  at  once. 

In  tlie  |»re«eat  euunpte.  a  Hue  from  U.  dc^ceiid1nir*2.7  to  IDO,  ec(*m»  to  accompUBh  tfae 
|d»ire<l  pitrpoWL     Tlic  Wue  being  drawn,  Die  "cut''  ftnd  *'fiir'  lipea*  are  measured,  to 
irrmlne  if  they  are  proprrtr  balanced. 

The  complete  computation  of  the  ettrtbwork>  by  wUicli  ihe  exact  position  of  the  grade- 
na  l«  liotormiitodr  i*  oxpklacd  In  a  lolktwlus  vecUou. 
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beigbts."  Where  the  surfac4?  is  higher  than  the  grade-line,  thf 
construction  requires  a  "cutting;*'  when  the  established  gndflK; 
line  is  higher  than  the  surface^  an  embankment,  or  **  filliDg,"  i 
iieceiisar}\ 

Tlie  notes  in  the  final  column,  indicate  tho  poiDts  whore  the 
grade-liue  intersects  the  natural  surface.  Such  are  called  sero 
points. 

The  distances  arc  of  importance  in  the  compntation  of  tbe 
earthwork.  Tbe  above  notes  literally  signify  that  either  cut  «r 
fill  isO,  ut2.87,  also  at  6.52. 

These  distances  are  obtained  with  sufficient  accaracT  for 
ordinary  purposes  by  a  raeasni"ement  of  the  profile  map*  Wheo 
the  cuttings  and  fillings  are  recoiled  in  the  proper  c*»lniijtw, 
the  notes  belonging  to  tbe  sect  ion -level  are  complete-* 

Note,— It  will  be  observed  that  the  first  set  of  uoto*  cm 
page  205,  did  not  contain  the  columns  for  cut  and  fill. 

The  practice  in  keeping  the  notes  differs  with  the  work  to 
be  performed. 

In   extensive  railway   surveys,  it  is  convenient  to  rule  tlie 
pages  of  tbe  note-book  as  in  tbe  fiiiit  example;  carrying  out  tbe 
fiold-noies  to  the  extent  of  the  surface  heights,  at  least;  then 
transfer  to  another  book,  (be  **  diatances,''  "surface  heights^*' 
'* grade  heigbts,"  mliag  columns  for  "cut,"  "fill,"  and  **remBrl 

•Tho  following  cfllculalloD  mny  b«  emplajod  In  Itu)  more  Important  ease! 
rrlau^l^'s  formed  by  ibo  verijcab  (cut  or  IIJI},  tlie  gmdi^ane,  tod  the  •iirllc«'i 
t^i  miller,  aiid  give  thv  full ovv log  profKirtion  : 

Tbe  tarn  of  the  cut  and  II W, 

:    I  hi!  car, 
: :    the  distAUce  itom  cnt  to  fill, 

:    dblance  teom  the  cut  to  0  poinl. 

FIJI  may  be  ttubttltntcd  for  cut  tu  the  f«coDd  and  lamih 


The  appUcAlloti  to  the  flr»t  eero  point.  In  the  Bbore  aotcn.  Is  >«  fonows ! 

4,I  +  0.R  :  4J   ::    100  :  required  UUL,  or  87* 

111  \hf.  racofid  cttM}  In  the  DOtet,  tbe  cut  neccss^iry  to  (lie  culenlfttlon  ie  wtnrtn^  "^'^ 
1b  ejbity  iiippHod,  bj  dctorminlnff  the  bd^tie  of  ffnd«  In  tb«  usual  fray  3t  atation  7. 


^B      These  transferrer!  notes  are  recorded  in  ink,  and  reserved  for 
^Bise  in  mapping  and  com  potations. 

^"  313*  Most  road  or  canal  siirs^eys  are  made  on  several  trial* 
lines  before  one  h  finally  adopted-  The  profile  of  each  line  is  care- 
fully  drawn,  and  the  cost  of  constniction  approximately  estimated. 
When  the  route  is  fiTially  selected,  and  the  section  levels 
atisfactorily  completed,  the  exact  width  of  the  earthwork,  both 
in  ejccavations  and  embankment.s,  is  carefully  staked  out  and 
tho  amount  of  material  to  be  moved  in  the  progress  of  construe- 
ion,  accurately  measured. 

The  method  of  conducting  this  work  is  explained  in  a  follow- 
ing section, 

314.    Before  closing  the  subject  of  section  leveling,  we  will 
consider  the  profile  rcpi*esented  in  the  figure,  and  tho  set  of  field- 

^ 1,  moil 
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aotea  appended,  which  are  only  partially  completed,  and  which 
will  afford  some  examples  for  practice. 
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I 


IMM. 

»s. 

Ht.ofIiu.             '8. 

1 

Sartkce 

-BtmvkK 

Bench. 

1.033 

0 

3.2 

1 

3.8 

2 

5.3 

3 

8.9 

3»     1 

10.3 

4       1 

9.0 

5 

4.8 

T.  P. 

11.815 

2.346 

T.  P. 

10.942 

2.318 

0 

9.7 

6* 

6.4 

7 

2.1 

L  What  is  the  "Height  of  Instriiraent'*  for  the  first 
of  the  level  ?  Am.  2lMt\ 

2.  What  is  the  height  of  the  first  T.  P.  f         Ans.  ilM 

3.  What  is  the  '*Ht  of  Iiist/'  for  the  second  position  of^ 

level?  Ans,  40.501-1 

II 

4.  Wliat  18  the  height  of  the  second  T.  P.  ?      Ans.  38.183. 

6.  What  is  the  ''Ut.  of  Inst.''  for  the  third  position  of  ^ 
level ? 


G,  What  is  the  Height  of  Surface  at  0  ? 


Ant. 

49.125. 

atO? 

Ant. 

27.8. 

at  3? 

22.1. 

at3»? 

20.7. 

atsr 

26.2. 

ate? 

39.4. 

at  7? 

47.0. 

rite  the  *' Surface  Heights"  for  the  distances  1, 


CROSS-SECTION 


■      31S,  AH  earthworks,  whether  excavation  or  embankinent, 
HtiEless  held  in  position  by  retainiog  walls,  require  to  be  coo- 
etructed  with  a  sloping  surface,  the  inclination  of  which  depends 
upon  the  kind  of  earth. 

If,  in  a  railway-cutting,  for  instance,  the  banks  which  bonnd 

^t  be  left  too  nearly  vertical,  when  first  constructed,  the  weather- 

ig  influences,  to  which  they  are  subjected,  soon  cause  the  ma- 

erial  to  slide  down,  until  the  whole  slope  gradually  assumes  a 

mch  lower  inclination. 

After  a  tim^»Jiowever,  tlie  tendency  to  roll  or  slide  is  checked 
by  the  friction  of  the  particles  themselves,  and  the  slope  thus 
formed  will  withstand  the  ordioaiy  effects  of  sun,  wind,  and 
rain.  Tlie  inclination  thus  assumed  is  called  the  "  natural  6loj>e  " 
rf  that  kind  of  earth.* 

316.  Slopes  are  expressed  mathematically  by  the  ratio  of 


B 


.V 


M. 


PlO.  145. 


their  horizontal  to  their  vertical  dimensions,  and  which  is  called 
the  ratio  of  slope. 

I      *  TblP  Rlopo  is  drtcrinlDed,  expcrltneDtJil];,  bjr  drying  «  portion  of  the  eArth,  ntid 

'then  poaring  H  (Vom  a  Blljjht  cl^'vaUon  apon  a  level  fiirfiice.    The  heap  ihu«  formed 

t«  s  nt her  fUt  cDDe,  whofc  ddo»  eland  at  the  loweit  inclliiBtlon  thry  wnuk!  he  lloblf  fo 

iBsamc  nndcr  the  scUon  of  AtmoRphedc  iDllaciicc^.    Tho  angle  nii  l£h  Uio  horUoutiil  pkao 

iviU  be  sooMiwhoro  botwcen  SiS**  uid  40". 
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III  the  diagnim,  which  represent  a  FCNid-ciitting»  the  n&Oj 
of  £S  lo  AE,  or  of  FS"  to  BF,  is  the  ratio  of  slope. 

In  practice^  the  slope  at  which  eailhworks  are  allowed 
stand  vary  from  1  U»  I,  or  4a^  (as  in  rery  ooaiBe  materiid),  t»\ 
to  I,  or  26'  34',  in  very  fine  sand, 

A  dope  of  1}  to  1   {SB^  41')  is  found  to  be  so  Ear  suit 
for  nil  ordinary  excavations  or  embaukmenU,  that  it  ia  commai 
in  the  absence  of  on  examination  of  the  material,  to  adopt  it 
m  tho  ratio  of  slope  throughout. 


Betting  81ope  Stakes. 

317.  It  is  evident  that   the   width   of    natural  stirface  ol 
ground,  required  in  the  construction  of  a  road,  will  Tarywitil^ 
the  depth  of  excavation  or  embankment. 

Aa  often,  therefore,  as  it  is  found  neceasar}-  to  determine 
tlie  depth  of  the  cutting  nr  filling,  in  the  section  level,  it  ii 
also  ueceseary  to  mark  the  boundaries  of  the  width  of  the 
work,  on  the  natural  surface.  This  is  done  by  stakes  calW 
Slope  Stakes,  and  the  flild-work  necessarj'  to  determine  their 
position^  and  to  measure  the  section  taken  across  the  nmd  ol 
wliich  the  Slope  Stakes  iudicate  the  Imuudaries,  is  called  **  Cross- 
Sect  ion  TjCveling,"  or  *' Cross-Section  Woik." 

318.  A  party  of  five  may  be  nsefully  employed  in  Betting 
Slope  Stiikes ;    viz.,  a  Icveler,  rodman,  axeman,  and  two 
men. 

The  rod,  for  cross-section  work,  is  a  ruder  instrument  t& 
that  employed  in  the  section  level.     It  should  he  at  least  fiftt 
feet  long,  with  the  feet  and  tenths  plainly  marked.    It  reqo 
no   target,  the   leveler  himself  reading  the  rod   in   the 
sighting. 

The  Gold-book  is  ruled  as  shown  below: 
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IHit. 

Left. 

Centre 
catfiagti. 

Rlijht 

The  left-haiid  column  coutains  the  distances  taken  froqi 
the  section-level  notes.  The  third  coliimn  is  for  the  cut  or 
fill,  corrt'sponding  to  the  distance  in  the  first  column ;  these 
B umbers  also  being  taken  from  the  notes  of  tlie  section  level, 

A  filling^  it  should  be  remarked  here,  is  designated  as  a 
minus  cuUing  in  the  field-notes. 

The  second  and  fourth  coliimns  are  for  the  horizontal  and 
rerticEil  racasuremenU  of  the  cross-section. 

319,  The  examples  following  will  illustrate  the  method  of 
aeasuring  the  section  and  recording  the  notes : 


hm 


A 


ex 


HI         itLO 


Xiet  Fignre  l-i?  represent  a  section  across  a  road  excavation. 
IB  being  the  bed  of  the  road,  and  SCS"  the  line  of  the  natural 
'surface. 

The  road'bcd   is   supposed    to   be   10   feet  wide,  the  centre 

(cutting  12.4  feet,  and  the  ratio  of  slope  IJ  to  1. 
The  level  being  set  up  and  adjusted  in  a  convenient  place,  the 
rod  is  first  held  by  the  centre  stake  at  C,  and  a  reading  taken. 


i 
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In  the  preBent  example,  the  reading  is  5,4.  The  line  AS 
forms  a  convenient  datum  line,  and  the  height  of  the  instnir( 
ment  above  this  line,  is  evidently  12A+bA  =  17.8  fL 

This  is  noted  down,  for  the  moment,  on  a  reversed 
of  the  note-book,  or  on  a  spare  slip  of  pajier:  neither  the  heiglil 
of  instrument  or  md  readings  being  matters  of  permanent  n-coti 
m  cross-section  work. 

It  is  evident  that  if  the  rod  be  held  at  different  points  along 
the  surface,  and  the  readings  subtracted  from  the  **  height  o( 
instrument,"  the  remuiuders  will  be  the  heights  of  t^  •  ■•♦' 
above  the  datum  line  AB.  These  heights  are  techiji 
cuttin(/8,  although  in  the  case  of  57*  and  S*V,  no  actual  excatar 
tion  \:&  proposed. 

The  Reading  at  E  is  supposed  to  bo  5*5.  The  cut  is  therefore 
17.8—5-5  —  12.3.  The  horizontal  distance  from  the  centre  is 
8  feet  For  each  cutting  there  will  be  a  horizontal  mcasuremcDtt 
and  these  two  must  be  recorded  together. 

The  form  adopted  is  tliat  of  a  fraction  in  which  the  numm* 
(or  is  the  cutting  and  the  denominator  the  distance. 

The  record  o!  this  measui"cmeut  would  be,  therefore,  ^t 
in  the  column  marked  **left."  The  points  A  and  5,  of  tiie 
eros8-seetion  are  appropriately  termed  tbe  awjles^  and  as  tbt 
points  i?and  F,  directly  over  thera,  become  new  start ing-pointfl 
ft>r  horizontiil  measurements,  it  is  important  to  distinguish  theiOi 
in  8o»ne  way,  in  tlie  notes. 

(Right  and  left  in  the  actual  survey  are  determined  by  the 
direction  in  which  tiie  survey  progresses,  and  in  which  tbe 
centre  stakes  are  numbered,) 

A  common  method  is  the  one  adopted  in  onr  notes — lo  sub* 
atituie  for  the  number  which  rjpresonta  the  half  widtli  of  tto 
road,  the  letter  A. 

^^    hiiid-ehainman    now    takes    his    position    at    E^    anJ 


remaining  distances  to  the  left  are  measured   from    this 


A  change  in  the  surface-line  at  //  requires  notice.  The 
wading  of  the  rod  (3.2  indicates  a  cut  of  1L6,  This^  with  the 
istance  from  E,  10  feet,  is  duly  i^corded. 

There  being  no  other  material  change  in  the  surface  line 
pyond  /T,  there  remains  to  be  deteruiiued  on  this  side  only  the 
itersection  5,  of  the  surface  and  slope* 

It  is  found  by  trial  When  found,  it  is  evident  that  the 
itio  of  the  distance  to  the  "cut,"  must  be  tlie  same  as  the  ratio 
'slope.  In  the  present  example,  the  distance  must  be  IJ  times 
ae  cut* 

Suppose  a  trial  reading  taken  at  25  feet  out,  is  3.2.  The 
eight,  or  cut,  is  (17.8—3.2)  =  14.6.  11  times  this  is  only  21,9 
et.     The  distance  tried,  25  feet,  is  too  great 

Suppose  a  second  trial  at  22  feet  out,  with  a  rod  reading 
\  3,a     The  cut  is  14     IJ  times  this  is  21.    Still  too  far  out. 

A  third  trial,  at  21  feet  out,  and  a  i-eading  of  4,  giyes  a  cut 

'13.8  ft.     This  multiplied  by  1^  gives  20.7  feet     The  measured 

listance  is  slightly  too  great,  but  in  ordinary  practice  this  ap- 

roxiniation  would  be  cousidered  near  enough*     The  record  for 

be  slope-stake  S  would  therefore  he  4^"f .  * 

In  proceeding  from  the  centre  to  tbe  right,  wc  find  a  pomt 

between  the  centre  and  the  augle,  that  requires  attentioa. 

The  distance  in  such  a  case  is  taken  from  the  centre  instead 

the  angle.     CK  is  3  ft.  and  tlie  rod  reading  5.3  gives  a  cut  of 

L5,    The  reading  at  the  angle-stake  F  is  5.8,  giving  a  cut 

12  feet 

If  the  surface-lioe  from  F  were  level,  the  distance  FS'  would 

12  X  IJ  =  18  feet;  but  as  the  ground  descends,  the  distance 
tjess. 


1 


^The  retditigs  and  dlsrinces  In  this  cxatnpte  Imvo  been  madu  to  corTe»pond  to  A  riiC  ( 
i  foot  in  Hvo  from  JZ  to  S.    The  ©xact  record  for  S  la  ll'.U- 
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A  trial  at  11  ft.  with  a  reading  of  tlie  rod  of  10.4.  indicttei] 
cut  of  7.4,    Tins  multiplied  by  1|  gives  11.1,  which  is  veryne 
right ;  ^{^  is  therefore  the  record  for  the  location  of  S, 

The  completed  notes  for  this  cros^-fiection  are  as  follawi: 


Dkt. 

UA. 

Oenire  Cnl.                   WfigbL 

13.8    1L6   12.3 

20.7     10      A 

12.4 

12.5     12     T.4 
3      A     lU 

320*  We  will  now  give  a  Bimilar  example,  illostratiug 

method  of  staking  out  embankments: 


/N 


Fia,  147- 


DUC 

Left, 

Contpe  Cat 

mgbL 

-15*8     —12.8 
23.7         A 

-11.7 

-8.6    —  a4 
^A       ite 

The   filling  at  the   centre   is  assumed  to  be  11.7  ft.,  whM 
appears  in   the  column   of  "centre  cut,"  with   its  approii 
sign. 

The  reading  of  the  rod,  at  the  centre,  as  ghown  by  the  d** 
gram,  h  7,2. 


L 


V.J 


CROSS-SECTION    LEVELINO. 


The  sum  of  the  reaiiing  and  the  centre  cat  (7.2  —  11,7) 
— 4,5^  which  is  the  **  height  of  iustrumcnt"  referred  to 
line  AB, 

The  readings  at  all  other  points  along  the  line  Sff  must 
subtracted  from  this  "height  of  instrument/*  as  in  the  pre- 
ing  example.    The  several  remainders  are  the  corresponding 
cuttings.'* 

The  reading  at  angle  stake  E,  8-3,  subtracted  Ironi   —4^, 
ves  — 12.8,  fur  the  cut. 

For  the  slope  stake  5,  we  will  j?uppo8e  a  trial  distance  of  20 
t  from  E,  and  a  rod  reatling  at  the  triiil  i>oint  of  10.8  feet, 
ic  cut  is  thei-efore  —15*3;  this  multiplied  by  H  gives 
.95.*  The  trial  distance  therefore^  20  feet,  is  not  enough. 
A  trial  of  24  feet  out,  wo  will  suppose  to  give  a  rod  reading 
11,3  ft,  which  corresponds  to  a  cut  of  —15*8  ft.  The  ratio 
lied  to  this,  gives  for  the  proper  corresponding  distance  out, 
7  ft,>  which  is  nearly  correct.  The  distance  at  which  the  trial 
las  made  is  slightly  too  great.     It  is  evident  that  if  the  elope 

.ke  be  set  at  the  calculated  distance,  23.7  ft,  the  record  of 

5  8 

~  may  be  made  without  involnng  an  error  of  more  than 

,  tenth  of  a  foot,  in  cither  cut  or  distance. 

On  the  right,  the  reading  at  the  angle  stake  F  ie  4.L    The 
It,  therefore,  is  —8.6  feet 

As  the  sui-faee  rises  but  little  from  F  to  S*  the  trial  distance 

the  slope  stake  is  taken  at  12  feet ;    (it  should  l>e  1*^.0  ft.,  if 

surface  were  level) :  the  reading  is  supposed  to  be  3.9  feet. 

his  gives  the  cut  —8.4,  which  should  correspond  to  a  distance 

it  of  12.6  feet    It  is  evident,  that  considering  the  rise  in  the 

■  and  the  rod  readings  at  F  and  S\  the  rod  reading  e 


•  The  slgD  li  di*Te)pirfed  ta  ihe  ptodmt.    Ii  maj  b€  well  lo  noilco  hoM  ever,  ttiAt  tliq 
)  Of  ilopo  Id  embAnkments  U  con^ldprod  to  be  11  to  -  L 
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would  not  vary  a  tenth  if  moTed  from  12  feet  to  116, 
record,  therefore,  for  S'  is  -^ry^- 

KoTE. — It  is  not  neeeasory  to  take  rod  readings  at  tliei 
.     If  desired^  these  readings  can  be  omitted  and  n)d 
ings  taken  at  the  centre  siake^  and  riglit  and  left  from  it  at  ach 
change  of  inclination  of  enrface.     It  is  often  convenient,  bo 
ever,  particularly  for  beginners,  to  take  the  angle  stake  rea 
and  hence  in  the  rule  these  readings  ai-e  assumed  to  be  takeo. 

321.  The  rules  for  condoeting  and  recording  crosi-^ectiOJ 
work,  whether  for  excavatiou  or  enibunkmuut,  are  as  follows: 

I.  Prepare  the  field-book  by  ruling  columns  for 
tances  and  Centre  Cuttings^  leaving  irider  8p€iC4;$  on 
si-de  of  the  latter  column-  for  the  record  of  the  vnr 
measurements  to  the  left  and  right  of  the  centre  ^<iki. 
Transfer  from  the  section^evel  notes  the  distance  and 
corresponding  cut  or  fill,  for  each  stake  of  thai  survi^ 
FiiUng  in  tlie  cross-section  notes  is  dcrsignated  as 
cutting. 

II.  Having  set  the  level  in  convenient  proximity  toj 
proposed  cross-section,  take  a  reading  of  the  rod  at  the 
centre-stake*  ^4dd  this  reading  to  the  centre  cj> '"'"-' 
(regarding  the  sign  of  the  latter),  to  obtain  the*') 
of  instrument/' 

III.  Lay  off  half  ths  width  of  tlie  road-bed  each 
of  the  centre,  and  mark  the  distunces,  temporarily, 
stakes.     Tliese  are  the  angle  stakes. 

lY.  Proceed  to  take  rod  readings  at  the  angle 
and  beyond'  them  outward  (on  a  line  at  right  angUi 

Ie  direction  of  the  line  of  the  road),  at  each  change  of 


[bec.  v.] 
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Hhe  height  of  instrument;  the  reniainder  is  the  cutting, 
verticttl  distance  of  the  point  measured^  from  the  pro- 
sed road-bed. 

V.  Meeord  each  cutting,  together  with  its  horizontal 
\  distance  from  the  nearest  angl-e  stake f  in  the  form  of  a 
\  fraction  e^vpressfn^  the  ratio  of  the  distance  to  the  ctit- 
'  ting.  Each  fraction  being  recorded  in  its  proper  column 
.  either  " right"  or  *'left'*  of  the  centre.  Points  between  the 
[eentre  and  angle  stake,  are  located  by  nieasurcments  from 
liA^  centre. 

VI.  To  find  the  position  of  the  slope  stake :  Measure 
laff  a  trial  distance  from  the  angle  stakef  and  determine 
]the  cut  as  before.    MuUiphj  the  cut  hij  the  ratio  of  height    " 

to  base  of  the  proposed  slope.  If  the  trial  distance  be 
\  greater  than  this  product,  the  assumed  point  is  too  far 
\  6Ut,  and  vice  versa.  Repeat  the  tried  until  the  ratio  of 
I  SiB  distance  to  the  cut  e.vpresses  the  ratio  of  slope.  j 

322.  The  cutting  at  the  angle  stake  is,  in  cases  of  a  tolerably 
uniform   enrface,   a  good   gnido   to   the  distonce   to   the  slope 
stake.     Thus,  when  the   angle  cutting  of  an  excavation  ijs   16    i 
'  feet  and  the  mtio  of  slope  1^  to  1,  the  distauce  out,  for  a  level    ' 
surface,  wonld  be  24  feet;  but  if  the  ground  in  that  distance 
rise  2  feet   (and   which   in   practice  may  be  determined  pretty    i 
correctly  by  the  eye),  then   the  horizontal  distance  must  be  in-    \ 
creased  by  something  more  than  1^  times  2  feet. 

When  the  surface  descends,  the  estimated  distance  out,  for  f 
a  level  surface,  should  in  like  manner  be  diminished.     In  em- 
bankments the  conditions  are  reversed  ;  the  eteeper  the  rise,  the 
shorter  tlio  dis(^ince  out. 

323.  The  following  examples  will  serve  to  elucidate  the  sub- 
let still  further: 
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A 


!U 


¥m.  IIS. 


DbL 

Left, 

Centre  Cut. 

RiBhl, 

--4.          -^4.5 

-4.9 

—6.1   —6.4  -7.4 
A         4     IM 

---      - 

6.           A 

Pigiii'tj    148    represents    an    einhankment    crossHiectioii, 
wlijch,  by  reason  of  the  email  depth  of  filling,  the  heighlf 
instrumGiit  is  a  positive  quantity. 

The  centre  cufc  h  —4.0  ;  reading  of  the  rod  at  the 
8.5  ;  the  auni  of  these,  or  **  height  uf  instrument/*  is  3.6. 
remaining  rod  readings  ai*e    given    ou    the   line  through 
instrument. 

324.   In  the  example  of  the  following  diagram' (Fig.  14 
the  cross-section  is  partly  in  excavation  and  partly  in  cmb 
ment.     The  ratio  of  slope  is  2  to  1.     The  centre  cut  is 
The  centre  reading  is  7.9  ;  height  of  instrument,  10,3, 

The  reading  at   if,    is  6.3;    at  £,   6.1;   at  S,  5.1 
point,  Ky  is  easily  found  in   practice,  it   being  that  poiot  i 
the  snrface  line  where  the  reading  of  the  rod  exactly  eqa 
the   height  of  instrument.      The   reading  at  F  is   13.2 j 
at  ff,  15.a 

Prom  these  readings  the  cuttings  may  be  found,  and 
nr*       '     "  below. 


Fia.  119. 


Ditt 

un. 

Csntn  Cut. 

fiight. 

4.9    4.2    4.0 
9.8     A     3.8 

2.4 

0     _2.9     —5,5 
.4         A         if 

325.  In  tlie  following  axatnple,  there  is  a  regular  rise  in  tlie 
Rnrftice-line  of  ono  foot  in  ei^lit.  The  ratio  of  slope  in  the 
BpavatioB  is  to  be  I|  to  1 ;  height  of  iustruinent,  142. 

In  seeking  for  the  position  of  the  slope-stake  *S^  a  distance 
of  13  feet  is  tried  ;    the  reading  of  the  rod  at  the  trial 

it  is  48. 


Fio.  150, 

How  does  this  point  compare  with  the  tnie  position  of  i9^ 
^m  AnS'  Kot  far  enough  out. 

What  is   the  result  of  a  trial  at  10  feet  out  and  a  reading 
Qf  44?  Ans.  Too  far  out. 

D.6 


What  is  the  true  cut  and  distauce  at  ;S^'? 


A  ns. 
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Fint^  the  position  of  S. 
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Ahs.  — +, 


Note  1. — It  sometimes  liappens  in  lery  hilly  sections, 
it  is  impnicticable  to  sight  to  all  the  necessary  points  of  ^ 
single  cross-section  from  one  position  of  the  IctcL  In  sec 
a  case,  it  is  only  necessary  to  work  from  the  centre  us  far  i 
the  suifiice  will  permit,  then  establish  a  turning-point,  praise 
na  in  section  leveling;  change  the  position  of  the  level  fio 
to  proceed  with  the  work,  and  determine  the  new  height 
instrument,  from  wliich  the  readings  are^  to  bo  snbtracted 
before. 

Note  2* — The  degree  of  accuracy  desirable  to  be  attaind 
in  setting  the  slope  stake,  varies  with  the  kind  of  earth  to 
"staked  out,"  so  that  no  exact  rule  can  be  laid  down, 

A  principle,  in  quite  general  use,  permits   the  stake  to  fee" 
set  when   the  calculated  distance  varies  from  the  trial  disUace 
by  less  t!ian  a  foot. 

The  limit  of  error  shonld  never  be  greater  than  this,  but 
in  rock  and  the  harder  kinds  of  earthwork,  it  should  be  made 
much  less. 


SECTION    VL 

COMPUTATION     OF    EARTHWORK. 

L'  326.  Before  the  work  of  construction  of  a  railroad  or 

commcucesj    the  calculation   of   the  earthwork  must  be  con 
pletcd. 
The  cross-section  levels  afford  the  necessary  data.     The 
gnrveys  have  divided  the  proposed  work  into  blocks  of  100  fectj 
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Fereut  methods  are  employed  for  estimating  their  cubic  con- 
ita.     The  most  accurate,  t bough  the  mont  laborious,  is  the 
prismoidal  formula  (Leg.,  Mensuration,  page  129), 


voh:=^(J5  +  F  +  4J/). 


I 


B  aad  B'  representing  the  areas  of  the  end  sectionfl  of  the  ' 
prigmoid,  M  the  area  of  a  section  midway  between  them,  and 
I  the  entire  length  of  the  Bolid. 

The  principal  difficulty  in  applying  this  formula  lies  in 
finding  the  dimensions  of  the  middle  section. 

327.  We  will  show  the  application  of  the  formula  by  an 
example  of  road  excavation. 

To  simplify  the  problem,  we  will  soppose  such  a  degree 
of  regularity  in  the  ground  surface  that  the  angle  cuttings 
may  be  omitted. 

The  length  is  supposed  to  be  100  feet.  The  other  dimen- 
8ion8  are  given  in  tlie  diagram. 

The  areas  of  the  end  sections  are  cosily  foinid  It  is  only 
neci^ssary,  in  each  case,  to  add  tdgother  the  areas  of  the  trape- 
zoids composing  the  whole  end  figure,  as  represented  in  the 
diagram,  and  subtract  therefrom  the  sum  of  the  triangles  which 
lie  outside  the  section.  The  dimensions  of  these  triangles  are 
always  expressed  in  the  cross-section  notes,  by  the  records  for 
the  slope  stakes. 

The  area  of  B  is  thus  found  to  be  104.8  sq.  feet,  and  of  Ii\ 
116  sq.  feet. 

Now,  if  a  section  of  this  prism  aid  be  taken  midway  between 
the  two  eods,  each  of  its  several  dimensions  must  be  an  arith- 
metical mean  of  the  corresponding  meamirements  of  the  end 
sections.     Thus,  the  centi-e  cutting  is  found  to  be  5  ft.  ^  the  disr 


i 


The  area  of  M  m  111.3  eq.  ft. 

Vol  of  the  prismoid  =  -  x  100  (104,8  H-  llti  +  445 J), 

—  11100  cubic  feet. 

328,  In  applying  the  prismoidal  formula  to  an  example  in 
which  DUO  end  section  has  more  given  dimensions  than  the  otheft 
the  calouktor  is  frequently  in  doubt  how  he  Bhall  average  theie 
dimensions  to  obtain  the  middle  section.  As  a  rule,  each  cut- 
ting of  the  most  irregular  section  should  be  averaged  with  i 
cutting  nearest  opposite  to  it  in  the  other  section, 

AVe  will  ilhLstmte  this  by  an  example;  representing  the 
tiona  by  the  field-notes  only. 
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Dbt. 

Uft. 

Oeatra  Cat* 

Right. 

2 
2.60 

17.2 

25.8 
ILO 
17.4 

16.8     16 
A       2 

11.2 
A 

lfi.8 

10.4 

13 
A 

10 
A 

10     8.4 
8     12.6 
8 

12 

The  liaU'Widtli  of  the  road,  for  which  A  \&  given  in  the  notes, 
be  considered  as  8  feet.     The  length  of  the  priaraoid  is 
essed  by  the  difference  of  the  ^ven  distancee,  or  60  feet. 
The  dimenisions  of  the  middle  section  are  foond  as  follows : 
The  centre  cut  \b  half  the  sum  of  the  given  similar  dimen- 

15.8  +  10.4       ,^,   .    , 
~ —  =  13.1  feet. 

On  tbe  right,  the  average  of  the  angle  cnttings  gives  — f-; 

■ilk. 

'  the  next  meafiarenjent,  both  cut  and  distance  must  be  aver- 

1 ;  it  18, 

ix{10  +  8)^9  _9_ 

ix(H  +  12)  =  10  10' 


The  last  term  in  the  upper  section  must  be  averaged  with 
be  last  iu  the  lower,  thus : 


lx(  8+  B.4)=    8.2 
|x(l2fl2.6)  =  12.3 


or 


1  f* 
On  the  left,  the  measurement  —  of  the  upper  section,  must 

►averaged  with  the  centre  cutting  of  the  lower,  being  nearest 
pposite  t^  that  point     We  have, 


I X  (16 +  10.4)  ^ia.2 
Jx{  2+  0    )=    1 


or 


14 


At  the  angle,  in  like  manner,  we  have  ^  ;  and  finallj  at 


14.4 


slope  stake  ,^^*    The  complete  dimensions  being 


The  area  of  the  tipper  section,  after  subtracting  the  triftflf 
as  before,  is  543,47  aq.  feet 

The  area  of  the  lower  end  section  is  325.44. 
The  middle  sectioo  conttiins  429.8  sq.  feet. 
The  Tolume  of  the  prif?moid  is 

1x60(543.47+325.44  +  4x429.8) 
=  25881.1  cubic  feet,  or  958.56  cubic  yards. 


329.  The  following  raetbort*  of  computing  the  coatenta  of 
consecLitive  volumes  between  regular  cross-sections  of  eicaTatioD 
and  embaiikmcDt,  contained  by  uniform  slopes,  will  be  found  of 
service. 

The  accompiinying  diagram  represents  the  crosa-flection  of  ft 
railroad  cut,  b  being  half  the  width  of  road-bed,  c  centre-heigbtj 


^j  / . 


V  b 


b 

Fto.  U£ 


r  elevation  of  rigiit  slope-stake  above  grade,  r  its  horijontw 
distance  from  nearest  side  of  road-bed,  /  elevation  of  left  slop^ 
etake,  V  its  horizontal  distance  from  nearest  side  of  road-bed|  an<l 
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the  entire  top- width  or  horizontal   distance   between  slope- 
kes.    The  area  of  this  section  is  evidently 


irb^ilb+ic{/  +  b)  +  y^{r  +  h). 


Let  S  denote  the  ratio  of  elope ;    then   S  =  -  =  j,^  and 
^f^  Sr',  I  =  Si\     Substithting  and  reducing, 

^^V  Arm  Se^iion  ^  ^Sb  (/  +  V)  +  J^  (r'  +  T  +  2b). 

H      Adding  and  subtracting  S6^  does  not  change  its  value  ; 

H     .\    Area  Section  =  ISb  (r'  +  r  +  2J)— .9iHi^  (r'  +  r  +  2J), 

Bor  A rea  Sedion  =  ^  w  (c  +  Sb)  —  Sb^. 

^ft  Supposing  w\  c*  to  represent  width  and  centre  at  next  station, 
^the  area  of  its  cross-section  may  be  expressed  bj  a  formula  similar 
^to  the  abore;  half  the  sum  of  these,  multiplied  by  the  distance, 
>,  between,  and  divided  by  27,  gives  a  near  approximate  of  the 
folume  in  cubic  yards  ; 

Vol  =  [W€  +  w*c'  +  Sb  (w + w')  -  4iS&^  T^. 

id  two  consecutive  volumes  of  equal  length  by  means  of  the 
eneral  formula,  w^\  c  ,  representing  the  width  and  centre  of 
bird  cross-section : 

Vol  =  [wc-{-2t&'c'  +  m''c''  +  Sb  (w  +  2w*-\-w'')-^SSit^]  j^. 

By  continual  addition  we  may  get  a  formula  for  the  sum  of 

[ly  number  of  consecutive  volumes  ;  bnt^  letting  n  denote  the 

aumber  of  volumes,  we  may  at  once  indite  a  general  formula  for 

the  calculation  of  any  number  of  volumes  consecutive.     Thus 

have 

^^^'  -  I  ^Sb(w^2w'+i£c,^2u\-ht(^n.^)-^Sl^  \  108" 

Divide  and  multiply  by  2  to  convert  the  formula  into  more 
onrenient  shape,  call   io'c\  w"e'\  &c-,    mid-products,  wc  and 
yiC^^i  end-products,  and  we  have 


Vol  =  j 


mid'prodi/cts-^^tnd'prodxicis 
-^-Sb  {mid'Widih3  +  ^  end-widths)  ]-  ^ 
—2Sif*xno,  of  vols,  ) 


\D 


Let  us  illustmte  this  formula  by  appljiug  it  to  the  follow 
extract  from  a  field-book,  containing  colomns  of  station^  centre 
cuts,  left  and  right  heights  and  distances  of  glope-stakeflp  tie 
road-bed  being  Id  feet,  slope  1  to  1,  distance  apart  of  stations, 
100  feet : 


BtatloD. 

Len. 

Oeotr*. 

B^ 

1 

tVV 

3.0 

tSV 

2 

i^V 

6.1 

M 

3 

M 

6.4 

AS 

4 

AV 

7^ 

^h 

6 

«:f 

9.0 

M 

6 

^h 

6.7 

AV 

OPEKATIO! 


1 
2 
3 

4 
5 
6 


1L55 

27.8 
31.5 
341 
38.0 
15,85 


9  or  5*  X  158.80 


Oeatre, 

3.0 
5.1 
6.4 
7.3 

9.0 
6.7 


Prodncttw 
=      34.65 

=  141.78 

=  20L60 

=  245.58 

=  342.00 

=  106.195 

1071.746 

1429.2 

9)169094.5 
6)18788.3 


3131.38  CO.! 


iw  (c + Sb)  -  Si\  iw'ic+ Si)  -  Sl>> 


SBC.  yi.1 

330.    The  foregoing  method    of    calculating  earthwork 
pproximate*     To  find  tlie  true  coritents  we  use  a  formula  of 

be  the  end  areas  of  a  volume  of  earthwork.     Then  ^{w  +  ?£/'), 
^{e+c^)  ar^evidently  tbe  width  and  centre  of  mid-section,  and 

I  its  area  is 
I] 


i  (H'^+h-')  (^JhSb)-SR 


Mnltijily  thia  by  4,  add  thereto  the  end  areas,  iniiltiplj  all  by  ^ 
j^i?,  and  divide  by  27,  to  obtain  hi  eu.  yds. 

True  vol  -  P  ^'"'-^  u^c)-^(wc' -^w^e)\  D_ 


This  formula  would  prove  very  un wieldly  to  carry  through  the 
Dalcnlationa  for  series  of  volumes,  especially  in  the  consideration 
&f  intermediate  stations.  The  same  results  may  be  obtained  in  a 
iinpler  manner  by  using  the  difTerence  between  true  and 
Ipproximate  contents  as  a  correction.  Subt meting  the  approx- 
aate  volume^ 

[wc  4-  w'c'  H-  Sb  {w  H-  w')  -iSb^  j^^, 
_ptom  the  true,  we  have,  after  reduction, 


for  the  error  or  correction. 


du 


I 
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PHs.  Oor. 

-  987 
^  481 

-  208 

—  702 

—  1449 


12 )  3827 
9)319 
3 )  35.4 


We  see  by  the  formula  that  to  correct  a  foltme; 

the  diiTereuce  of  widths^  found  bj  a  i^iibtrachon  in 

one  direction,  must  be  iDultiplied  by  the  diflfereDOl 

of  ceutres  resulting  from   a  subtraction    in  tht 

opposite  direction,  this  product  multiplied  by  the 

length  of  volume  and  divided  by  324,    Appljiui 

this   rule   to   the  second  Tolume  of  example,  we 

have  widih  at  station  2  [27.8]  — re^irf^A  at  station  I 

[31*5]  =  --3.7;  centre  station  3  [eA]—cenin  e^ 

tion2[5.1]  =  1.3.     -3.7  x+U 

X  100  =  —481.     Set  this  in  aa 

extra  column.   Treat  each  Toloioft 

in  like  manner,  remember: 

the  first  and  last  numbers  in  column  of  widths  are  hall  

We  here  represent  the  column  of  corrections.  The  sum,  —3827, 
divided  by  324,  is  —11.81  cu.  yds.  This  added  totheappiw* 
imato  result  yields  for  the  true  answer  3119.67  cu.  yds. 

It  may  happen,  in  practice,  that  some  of  the  volumes  involTed 
need  no  correction  whatever,  which  fact  will  be  apparent  from 
the  formula  by  inspection  and  without  actual  labor. 


—11,81  Cor. 

31308  Approx.  con'ts. 

3119.57  Truecon't^ 
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.  Besides  the  surveys  that  are  made  to  determine  the 

,  of  land  and  the  relative  positions  of  objects,  it  is  frequently 

'y   to   make   minute   and    careful  exiiminations   for    the 

purpose  of  ascertaining  the  foiin  and  accidents  of  the  ground, 

id   to  make  such  a  plan  an  will  distinguish  the  swelling  hill 

the  sunken  valley,  and   the  course  of  the   rivnlet   from 

le  unbroken  plain. 

This  branch  of  surveying  is  called  Topography,  In  surveys 
lade  with  a  view  to  the  location  of  extensive  works,  the  de- 
ermi nation  of  the  slopes  and  irregularities  of  the  ground  is 
the  first  ioiportanee;  indeed,  the  examinations  would  other- 
rise  be  useless. 

.,332.  The  manner  of  ascertaining  these  irregularities  is,  to 

086    the    surface    of    the   ground    to   be    intersected  by  u 

em  of  horizontal  planes  at  equal  distances  from  each  other  ; 

ttie   curves  determined  by   these  secant  planes,  being   lines  of 

lie  surface,    w^ill  indicate   its   form    at   the    places  of  section, 

ind,  as  the  planes  are  nearer  or  more  distant  front  each  other, 

the  form  of  the  surface  will  ho,  more  w  loss,  ueeurately  aseer- 

iied,       ^ 

If  such  a  system  of  curves  be  determined,  and  then  pro- 
or  let  fall  on  a  horizontal  plane,  it  is  obvious  that  the 
arves  on  such  plane  will  be  nearer  together  or  farther  apart, 
i  the  ascent  of  the  hili  is  steep  or  gentla 


i 


of  the  distances  ae,  bf,  at,  bl^  &c.,  be  measured  with  the  chain, 
and  tliere  Avill  then  he  knowD  the  three  sides  of  the  tnangles 
Aae,  Ab/,  Aai,  AM,  &c. 

Let,  Dow^  the  difference  of  level  of  all  the  points  marked  in 
each  of  the  lines  AB^  AD,  AC^  be  determined,  being  careful  to 
hold  the  rod  upon  a  point  near  each  stake  which  reiireaeots 
the  general  surface,  and  not  at  the  bottom  of  a  hole  nor 
upon  the  top  of  a  mound,  a  precaution  to  be  observed  in  evefj 
leveling  operation* 

Let  now  the  heights  of  all  the  points  marked  on  each  of  the 
lines  A  By  AD,  and  AC,  be  found  with  reference  to  the  datum 
phine,  which,  near  the  coast,  may  be  the  plane  of  mean  lor 
water,  or  a  plane  assumed  eo  that  it;  will  lie  below  the  loweflt 
point  to  be  delineated. 

In  the  present  example,  of  a  single  slope  only,  the  resalts  ill  i 

the  measurements  and  leveling  are: 


Line  AB* 


Distances, 
Aa  —  40  feet, 
ab   =  60     '* 
be    =  30     ** 
fitf    =  46     '' 


Heights  above  datum  plane. 
A  ^  Gi  feet 
a    =  52     *• 
b    =  U     ** 
c    =  35     '• 
d    =  24    " 


Line  AO* 


Distances. 
Ae  =  28  feet. 
ef  =  45    '* 
/?   =  55     ** 
fgh  =  49    " 


Heights  above  datum  plane. 
J   —  64  feet 
^    =  53     ** 
f   =  U    '' 
g    ^  32     '* 
A    =  18     ** 
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Line  J  i?. 

Heights  above  datum  plane. 
A  =  64  feet 
i  =  55  " 
/  =  42  " 
m  =  35  •* 
n  =  21  " 
Angle  CAB  =  25^    Angle  DAB  =  30°. 

These  data  are  snfficient,  not  only  to  find  the  intersections 
horizontal  planes  with  the  surface  of  the  hill,  but  also  for 
lelineating  sneh  curves  of  section  on  jiaper. 


Distances. 
^1  =  25  feet. 
il     =  55    *' 
Im    =  3a    " 
mn  =  48    ** 


Plot  of  Work. 

335.  Having  drawn,  on  the  paper,  the  line  AB,  lay  off  the 

ingle  BA(J^2b\  and  the  angle  BAIJ  =  BQ°,     Theu,  from  a 

Bonyenient  scale  of  equal  parts,  lay  off  the  distances  Aa,  ab,  bc^ 

i,  Ae,  ef,/fff  gh,  Ai,  !7,  Im,  and  mu. 

Let  the  horizontal   planes   be  passed  at  distances  of  8  feet 

Iparty  in  which  case  the  point   /I,  in  the  example  given,  will 

pio  in   the  eighth   contour  plane,   counting    from    the    datum 

olane.      Since  A   is  the  highest  point  of    the  hill,   and    tlio 

ference  of  level  of  the  points  A  and  a,  is  12  feet,  the  first 

plane,  reckoned  downward?,  will    intersect    the  line  traced   on 

^^the  ground  from  A   to  B,  Ijetween  A  and  a.     Roga riling  tlie 

^■Jescent  as  uniform,  which  we  may  do  for  small  distances,  without 

HjSensible  error,  w^e  have  this  proportron:  as  the  differenci'  of  level 

^of  the  points  A  and  a,  is  to  the  horizontal  distance  Aa,  so  is  8 

^ieet,  to  the  honzontal  distance  from  A  to  where  the  first  hori- 

Hiioutal  plane  will  cut  the  line  from  A  to  B.     This  distance  being 

thuB  found,  and  laid  off  from  A   to  o,  gives  o,  a  point  of  the 

curve  in  wliieh  the  seventh  plane  intersects  the  ground.     The 

poin ta  at  which  it  cuts  the  line  from  A  to  C,  and  tho  line  from 


I 


^  to  X>,  are  determined  similarly,  and  three  points  in  the  aeioith 
curro  are  tlius  found. 

The  graphic  operations  are  greatly  facilitated  by  the  ard  «f 
a  sectoral  scale  of  equal  parts,  of  which  Fig.  154  is  a  rep^^ 
fientatiun. 


PlO.  i&t. 

It  consistB  of  two  arms,  or  sides,  which  open  by  tarning 
round  a  joint  at  their  common  extremity. 

On  each  arm  vt  the  sector,  there  is  a  diagonal  line  thst 
passes  through  the  point  about  which  the  arms  turn:  thofift 
diagonal  lines  are  divided  into  equal  parts. 

The  advantage  of  the  sectoral  scale  of  ofiual  parte,  i* 
this : 

Lei  it  be  proposed  to  draw  a  line  npon  paper,  on  such  t 
scale  tliat  any  number  of  parts  of  the  line,  40  for  exumplfi, 
shall  be  represented  by  one  inch  on  the  paper,  or  by  any  part 
of  an  iuch*  Take  the  inch,  or  part  of  the  inch,  from  the  3cab 
of  inches,  on  the  sector ;  then,  placing  one  foot  of  the  diTidcre 
at  40,  on  one  arm  of  the  sector,  open  the  sector  until  tta 
other  foot  rettches  to  the  corresponding  number  on  the  otheff 
•mi ;  then,  lay  the  sector  on  the  table  without  varying  th« 
angle. 

jl^ow.  if  we  rt^^nrd  the  lines  on  the  sector  ns  the  two  ridea  ot 
1  of  whicli  the  line  Hi,  measured  across,  is  the  baa^Jt 
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ii*  plain,  that  if  any  other  line  be  likewise  measured  across  tho 
bingle  of  the  sector,  the  bases  of  the  triangles,  so  formed,  will  be 
proportional  to  their  sides.  Therefore,  if  we  extend  the  dividera 
irom  50  to  50,  this  distance  will  represent  a  line  of  50,  to  the 
men  scale ;  and  similarly  for  other  line^. 
I  III  tlie  example  before  119  (Fig.  153 )»  let  it  be  borne  in  mind, 

that  the  descent  from  A  to  a,  is  12  feet,  and  that  it  is  retiuired, 
upon  the  suppoBition  of  the  descent  being  uniform,  to  tind  that 
of  the  distance  corresponding  to  a  descent  of  8  feet.     Take 
he  distance  from  A   to  fr,  in  the  divideis,  and  open  the  arms  of 
1  sector  until  the  dividers  will  reach  from  12  on  the  line  of  erjual 
arts,  on  one  side,  to  12  on  the  line  of  equal  part^  on  the  other, 
ben,  without  changing  the  angle,  extend  the  dividers  from  8  on 
pne  side  to  8  on   the   other ;    this  will   give  the  proportional 
liatanee  to  be  laid   off   from   .4    to  0.     Or,  if  the  dividers  be 
ttendcd  from  4  to  4,  the  proportional  distance  may  be  laid  off 
;>m  a  to  0. 

If  the  distances  to   Vie  taken   from  the  sector  fall  too  near 
Jie  Joint,  let  multiples  of  them  be  used. 

336.    The  sixtli    phme   is  to   puss   8  feet  below    the  first, 
jfi,  IG  feet  below  J,  or  4  feet  below  a,  a  being  12  feet 
w  A.     Take  the  distance  ah,  in  the  dividers,  and  extend 
36   sector,   so   that   the   dividers   will   reach    from    8   to   (the 
Bscent  from  ^  to  S  being  8  feet)  8,  or  from  80  to  80;  then, 
^he  distance   from   4   to   4,  or  from   40   to   40,  being   kid   nl! 
>m  a  to  JO,  gives  j?,  a  point  of  the  sixth  curve. 
The  difference  of  leyel  lietween  a  and  h  being  8  feet,  and 
the  difference  of  level  between  a  and  p  being  4  feet,  the  dif- 
ference of  level  between  p  and  b  must  also  be  4  feet;  heuce, 
lie   fifth   plane  will   pass  4  feet  below   b,  and   (/,  determined 
aljove,    is  a   point   of   tho  fifth   curve,   and   so  on.      After 
baving  determiued  the  points  in  which  cac\\  eov^Vowx  Xvsiiti  ^'saJufe. 


I 
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the  lines  diverging  from  A,  let  the  contoar  lines  be 
through  tl)em^  so  as  to  indicate  the  eorface  of  the  hllL 
numbers  (64),  (5€)f  &q^  show  the  yertical  distances  of  | 
cspective  planes  above  the  plane  of  reference. 

337.  Having  drawn  tlie  honjsontal  curves,  the  nest  tJiing  16 
bo  done  is  so  to  shade  the  drawing  that  it  naay  repre?eat  aceo- 
mtely  the  surface  of  the  ground.  This  is  done  by  drawing 
a  &jfitem  of  small  broken  \iiies,  as  in  the  fignro,  perpendiculir 
in  direction  to  the  horizontal  carves  already  dcscribei  hj 
all  topographical  representations  of  undulating  ground,  Ihi 
lines  of  shading  are  drawn  perpendicular  to  the  b"^''^'"^^^ 
curves,  to  indicate  the  direction  of  the  How  ot  water  n 
declivity* 

A  profile  along  either  of  the  diverging  lines  may  be  plolid 
by   the   rules  already  given.     Fig.  155  shows  the  profV 
the  line  AB. 


B    d 


EXAMPLE 


SECOND. 

338.  The  following  example  will  illustrate  the  methods  em* 
ployed  in  making  a  topographicul  survey,  where  great  accoracj 
is  required. 

By  means  of  a  tmnsit  uv  level,  range  a  line  of  stakes  A,  U,  (\ 

A  E,  &c..  Fig.  156,  along  one  side  or  through  the  middle  of  ibe 

^ground  to  be  surveyed,  at  equal  and  conveDient  distances  from 

^Bach  other,  say  100  feet  apart.     Mark,  witli  a  piece  of  red  chalk. 

on  each  stake  in  this  row,  one  of  the  letters  of  the  alphabet, 
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^Ai  B,  C\  Dy  Ej  &c.y  in  their  order.    At  J,  range  a  line  of  stakes, 
jrpendicnlar  to  AE^  planting  the   stakes  at  intenals  of  IQO 
\l  and  mark  tliem  with  the  letters  A^,  A^^  A^,  &c,,  which  aro 
ad  A  zero,  A  one,  A  two»  &c. 


J\ 

A. 

\A. 

A. 

^ 

J^ 

0 

1 

t 

3 

« 

B 

B 

B 

B 

B 

B 

D 

1 

% 

8 

4 

C 

i\ 

c 

C 

c                ' 

c 

C 

I> 

0 

1 

S 

3 

4 

B 

B 

D 

D 

D 

0 

1 

1 

d 

4 

T! 

Eo 

£]1 

El 

Ea 

E. 

At  Bf  range  a  line  of  stakes  ulso  perjicndicular  to  AE,  and 
at  distances  of  100  feet  from  eaeli  other,  and  designate  them 
jBj,  Bit  B^,  &c.  Do  the  same  at  C,  A  E,  &c.,  imlil  all  the  stakes 
are  placed,  dividing  the  area  to  be  surveyed,  into  squares  cif  100 
feet  on  a  side.  The  letters  and  figures  shoukl  be  jilainly  marked 
on  a  smooth  face  of  each  stake,  for  faeihty  of  reference.  If  this 
system  of  notation  be  followed,  the  stakes  may  be  recorded 
without  danger  of  confusion* 

330*   The  following  is  the  form  of  a  field-book,  used  in  topo- 
phical  leveling: 


L 

V 

^^^^1 

[aooc  fOL 

w 

EiBX&Bl»     UV     bLKV&lijr6» 

r 

'                           FiiOd  Vote*. 

i 

he- 

^StCbci^ 

Betght  Iiwt. 

1       llr«iS4 

r 

Bencb 

4.13«J 

13.142 

12.1         1      E, 

1 1  ii 

1.9 

'     D. 

lOii 

^ 
J 

c. 

11.90*1 

ii2.441 

1.607 

6.0 

6.9 

6.8 

1.9 

3.7 

6.8 

1.7 

10.331 

let 

15i8 

sas     j 

15.6 
20.7 

B, 

ii.au 

33.448 

0.907 

8.0 

4.0 

B. 
B. 

sLoafl 

) 
1 

4.1 

1.9 
5.0 
9.9 
1.7 

A, 

A. 

i 

1.1 
0.1 

A, 

33.sB 

P* 

11.813 

45.226 

0.P3G 

C. 

33.4fl 

4.8 

B, 

40.4  H 

2.6 

B, 

42.6  H 

1 

Ai 

8.0^5 

5-i.(5B9 

1.4*11 

:     3.2 

A. 
A, 

49.sH 

a^o* 

1 11  tlio  example  taken  for  iltusiratioti  the  poi 

ntf,fl 

low«»gt  \n\ 

iut 

■ 

Set  ii| 

[>  the  level  txnd  take  a  reading  opoD  a  beneh 
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hjj^ermined  to  be  8.00(>  feet  above  some  plane  of  reference, 
i&k  level  for  instance.  Supjiose  the  reading  to  be  4 J 30, 
^hich  is  entered  in  the  **+  Sight"  column.  The  "Height  of 
astrument''  will  therefore  be  12,142,  as  entered  in  the  proper 
column.  Next  take  readings  upon  E^^  D^,  and  C^,  reading  C\ 
to  thousandths  as  it  will  be  used  as  a  '*  turning  point "  (Art. 304). 
Bemove  the  level  to  a  new  posit iuu  and  read  63  again,  Il.DOO, 

E which  gives  a  new  "Height  of  Instrument"  22.44L  From  this 
ition  read  as  many  stations  as  possible,  and  then  use  £,  as  a 
irning  point,"  and  so  on* 


^Plottmg  the  Work. 


341.   Draw,  on  a  piece  of  paper,  i\  straight  line  AE.     From 

Bcale  of  equal  parts,  set  off  distances  AB,  BC\  &e,,  each  to 

iresent  100  feet.     Erect  peri>endiculan5  to  AE^  at  eacli  of  the 

points  J,  B^  Oy  Ac,  and  then  Bet  off  the  distances  from  A  to  1, 

>m  1  to  2,  &e.,  each   to  represent  100  feet ;  and  tla rough  the 

ints  1,  2,  3,  and   4,  draw   parallels  to  AE.     These,  h^  their 

ntersections  with  the  lines  dmwn  through   .1,  /?,  C\  &c.,  will 

ctermine  the  position  of  the  stakes  A^^  .4g,  &e.;  and  write  in 

ink  on  the  plot,  the  height  above  the  plane  of  reference  of 

:h  Btake^  taken  from  the  column  of  total  differences  in  the 

eld-book.     Let  us  suppose  that  the  horizontal  planes  are  to  bo 

ken  at  distances  of  G  feet     We  may  find  the  |)oint8  in  which 

the  contour  lines  intersect  the  sides   of  the   rectangles,  as  iu 

pie  First.     A  very  convenient  scale  for  finding  the  points 

which    the  contour    lines  cut    the  sides  of   the   reciungles 

be  constructed   thus:    Upon   any    line  as  ABy  Fig.   157. 

i    equidistant    perpendiculars  as  at  0,  1,  %   &c.      Parallel 

AB  draw  lines,  alternately  heavy  and  light,  as  at  1, 52,  3,  &c. 

Suppose  we  wish  to  find  where  the  12-loot  plane  cuts  the  side  of 

a  rectangle,  C\C^  for  example.     The  height  of  C\  \a  l(i.^,^\vL 


1 


V      308                                   ELEMElfTS    OF    8UETEY1X0.                 [BOOK  Via 

H      of  0^  it  is  20. 7j  from  wbicli  data  we  find  the  rifie  from  C^  to  cA 
1      ta  be  10.2.     The  rise  from  C^  to  the  12'foot  plane  is  1^.            J 

U                            ^ 

: 

/-'■■ 

1 — 

' 

* 

?f" 

—^ 

— 

- 

— 

y' 

H                                                                          Fio.  15X                                                               H 

Now  fasten  a  fine  thread  at  A  on  the  scale,  and  stretch  it  to" 
cut  10.2  on  the  vertical  scale,  as  AC  m  Fig,  157.     Look  along 
tlie  horizontid  line  1.5,  as  dotted,  and  its  intersection  with  AC 

■  will  Ije  at  S,  distant  16  ft.  on  the  horizontal  scale  from  J,  or  C,. 
The   tenths   on    the    vertical    and   horizontal    scales    may  be 
estimated    by    the    eye    with    sufficient    accuracy.      Engitieer'i 

_        Section    Paper    may    be    advankigeously    nsed    for    the    ab*»^e 

■  purpose. 

H            342.   If  only  a  rough  plot  is  needed,  the  Surveyor  may  take  1 
1       the  plot  thus  commenced,  into  the  field,  and  by  the  eye  trace 
1       the  contour  lines  on  the  map.     If  we  note  where  the  lines  of  tho 

■  rectangles  cut  fences,  roads,  streams,  &c.j  we  can,  by  joining  tlie 
1      points,  obtain  a  plot  of  the  gtom\d,                                                    ■ 
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The  CO u tour  lines  may  be  traced  on  the  ground  as  follows: 
iSet  up  thu  instrument  and  read  a  staff  placed  upon  a  bench,  nnd 
[determine  the  height  of  instrument  above  the  datum  plane.    Sup- 


pose it  to  be  1L432.  If  we  irish  to  mark  out  the  contour  line  six 
feet  above  the  datum  plane,  we  set  the  target  of  the  leveling  rod  ^ 
11.432—6  ^  5*432,  and  direct  the  rodman,  by  signals,  np  or  ] 
lown  the  hill,  till  the  horizon  till  wire  of  the  telescope  coincides 
with  the  horizontal  line  of  the  vane.  The  foot  of  the  staff  is 
then  6  feet  above  the  datum  plane.  Let  a  stake,  marked  G,  be 
driven  here,  and  direct  the  rodman  around  the  hill,  until  a 
flecond  position  shall  be  found,  when  the  horizontal  wire  of  the 
telescope  will  eut  the  vane,  and  drive  there  another  stake, 
marked  6  ;  and  so  on,  until  a  sufficient  number  of  stakes  have 
been  driven  to  determine  tho  curve  (6).  Then,  let  the  line  of 
stakes,  marked  6,  b©  enrveyed  with  the  compass  and  chain,  find 
plotted.     Other  contour  lines  may  be  found  in  a  similar  manner. 


u 
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343.  A  practical  application  of  this  method  i 

when  a  surveyor  is  Tecjuired  to  determine,  in  wivsace^  theawl' 
of  land  which  will  be  submerged  by  the  constniction  of  a  ikoL 
lu  this  case  the  cont<iur  plane  is  6xed  by  the  proposed  heigljlof 
the  dam.  Having  ect  up  at  any  point,  a  reading  is  t>i^j'  uv., 
the  rod  held  upon  a  point  at  the  proposed  height  of  tL 
the  -rodnian  is  then  directed  to  points  along  the  shore  of  tlw 
proposed  pond*  or  reservoir,  which  ghall  give  the  same  readinf. 
In  this  way  the  contour  of  the  pond,  when  there  is  no  overflow  at 
the  diioi,  can  be  detennined.  If  the  calculated  depth  of  »ittf 
upon  tho  dam  at  the  maximum  overflow  be  added  to  the  rod 
leading  used  above,  the  high-water  contour  may  be  also  traced 
out. 

344.  When  the  plane  of  reference  is  so  chosen  that  point! 
of  the  work  fall  on  different  sides  of  it,  all  the  references  on  m* 
side  are  called  positive,  and  those  on  the  other,  negative.  Tlie 
curves  having  a  negative  reference  are  distinguished  by  placing 
the  minus  sign  before  the  number  ;  thus  —  (   ). 

Shading  and  Delineation* 

345.  Fig.  159  represents  a  piece  of  ground  sloping  towardi 
i>,  which  is  the  lowest  point;  and  through  this  point  the  plane 
of  reference  is  supposed  to  pass.  The  following  table  indicatts 
tlie  heights  of  the  several  points  above  the  plane  of  reference. 


Ft. 

Ft. 

F». 

K 

c   above 

A  2 

//  above  A  7 

p  above  D,    9 

B about  A  U 

U      " 

A  4 

k      "     A  t 

q      "      A    9 

L     "      A  W 

h      " 

/',  4 

s       "      A  7 

C.  "     A  fl 

G    "     A  U 

/ 

n,  4 

/      "      A  8 

n      "      A  11 

a      "      A 16 

S      " 

A  5 

/      "      A  8 

1       "      A  12 

F    "      A  15 

h.    " 

D.  5 

b       "      A  9 

m     "      D,  12 

B     «      D,  17 

A  above  D,  20  feet. 
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Tho^  firet  horizontal  plane  is  passed  2  feet  above  A  an<l  t 
of  intersection   with   the  surface  passes  through  c.     The 
id  scciint  plane  is  passed  at  3  feet  above  O,  and  intersects  tho 


rve 


Burface,  in  the  en  rve  ui%  and  also  near  rf,  whieli  ia  one  foot  above 
Uie  curve.  All  the  other  secant  planes  are  j)assod  at  three  feet 
from  each  other;  and,  comparing  the  height  of  each  point  above 
Z>,  with  the  enrves  lying  nearest,  on  either  side,  the  positions  of 
all  the  points,  with  respect  to  the  curves,  and  with  respect  to 
iaeh  other,  are  easily  mvn.  «m 

346,  The  manner  of  shading  the  raap,  so  as  to  indicate  the 
hills  and  slopes,  consists  in  drawing  the  lines  of  shading  per- 
pendicular to  the  horixontjil  curves,  as  already  explained  (Art* 
337).  These  shading  linej*  are  drawn  close  together,  when  the 
slope  is  abrupt,  and  further  apart,  as  it  grows  more  gentle. 
Figuj-e  150  indicates  the  method  of  shading*  d 

MT*  In  topographical  surveys^  great  care  should  be  taken  to 
leave  some  permamnt  marks,  with  their  levels  wntUiAv  QVt  ^kiQ^^^  | 


\ 
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in  a  durable  manner.  For  example,  if  there  are  any  rock%  Mj 
one  or  more  of  them  bo  smoothed,  and  the  vertical  distance 
tlie  plane  of  reference  marked  thereon ;  or  let  the  vi 
distance  of  a  point  on  some  promin'nit  building  be  aseertamrf 
and  marked  i>ermanently  on  the  buildijig.  8ach  points  fb(JuLit 
also  be  noted  on  the  map,  eo  that  a  person,  although  un- 
acquainted with  the  ground,  coukl  by  means  of  the  map  go 
npou  it  and  trace  out  all  the  points,  together  with  their  dilff^ 
ences  of  leveL 

348.  Besides  repi'esenting  the  contour  of  the  ground,  it  is 
often  necessary  to  make  a  map  which  shall  iudicate  the  woodland, 
the  mar.<h,  roads,  ditclies,  etc.  For  thi:?,  certain  eharacters, or 
conreotional  signs,  have  been  agreed  upon,  as  the  repreeenUtim 
of  things,  and  when  these  are  once  fixed  in  the  mind,  tbej 
roudily  suggest  the  objects  for  which  they  stand.  Those  whiA 
are  given  in  the  four  following  pages  have  been  adopted  bytta 
U.  8.  Coast  and  Geodetic  Survey,  and  are  used  in  all  plans  aai 
mai>s  made  under  its  direction- 
It  is  very  desirable  that  a  uniform  method  of  ddineadoi 
should  be  adopted,  and  it  is,  there forct  recommended  that  the 
conventional  signs  given  in  the  accompaujing  plates  ho  rnrffnlk 
studied  and  uniformly  followed. 
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349.  After  the  route  of  a  railroad  or  canal  has  beeu  deter- 
mined by  reconnaissance^  the  centre  line  of  the  work  is  estab- 
^Jished  by  a  transit  (see  Section  III,  B.  IV). 

H  350.  Tills  preliminary  anrvey  establishes  a  succession  of 
^straight  lines,  of  greater  or  less  length,  according  to  the  obsta- 
I  cles  to  be  avoided  or  the  advantages  to  be  gained,  arising  from 
Bthe  nature  and  the  contour  of  the  ground. 

H  The  angle  formed,  at  each  change  in  the  direction  of  the 
s^route,  is  carefully  measured  and  recorded. 

In   the  final  survey  or  location,  these  angles  are   replaced 
Dy  curves  ;    and   in   order  that   the  change  in  direction  shall 
as  graduid  as  practicable,   the  straight  lines  of   direction 
ire  made  tangents  to  the  curves  at  their  point  of  meeting. 

The  preliminary  survey  is  termed,  by  the  engineer,  "running 
Dut  tangents." 

351.  We  will  proceed  to  describe  the  method  of  locating 
pnrves,  first  giving  the  mathematical  principles  applicable  to 
Ihe  subject. 

Let  AD  and  BBy  Fig,  168,  be  two  tangents  to  the  arc  of  a 
ircle,  ^'1^.     Draw  the  radii  AC,  BC\  and  the  secant  Oil 

The  following  relations  are  easily  deduced.     The  tangents 
ID  and  DB  are  e<|U!d  (Leg.,  Bk.  Ill,  Prob.  14).     The  angles 
and  B  are  right  angles  (Leg.,  Bk.  Ill,  Prop.  9),  consequently 
khe  angles  C  and  D,  of  the  quadrilateTa^  ADBC^vsvooaX^a^  %^o^ 
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3.  What  IB  the  degree  of  curvature  in  the  last  examji 
Formula  (3)  ^jm 

572D.58 


€  = 


=  2-558°  =  2''  33'  29", 


4.  The  angle  a  heiiig  30°  21',  what  is  the  Talue  of  d 
[     a  one-degree  curve  ?  Ans, 

f      m 


Location  of  Gurvefl  by  one  Transit. 
354.  The  location  of  curves,  according  to  the  most  oonunoa 


method,  consists  in  laying  off,  at  the  point  of  tangeiicy  A,  jack 
angles  as  shall  just  subtend  one  cliain  of  arc* 

If  the  arcs  Av,  vu%  ttx,  &e.,  Fig.  169,  represent  arcs  of  tm 
chain  each^  the  angles  ACu,  vCw,  &o.,  are  each  equal  t^  the 
degree  of  curvature. 


The  angles  DAi%  vAw,  wAjp,  are  each  equal  to  one-half  the 
degree  of  curvature  (Leg.,  Bk.  Ill,  Prop.  7,  &h.,  and  Prop. 

The  operations   in   the   held  arc  very  simple.      The  ^»i 
should  consist  of  a  tranaitmun,  two  ehainmen^  and  an  axe-n 
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The  tnmsit  is  set  and  adjusted  at  a  tangent  point,  as  A,  and 
rected  along  the  tangent  toward  £K 
An  angle  equal  to  half  the  degree  of  curvature  is  deflected 
in  AD  toward  the  side  un  wbich  tlie  curve  is  to  run*  The 
ind-chainniQU  holds  his  end  of  the  chain  at  A.  The  fore- 
ainrnan,  keeping  the  ehain  carefully  extended,  is  directed  by 
,e  tmnsitman  into  Hue  with  the  axis  of  the  telescope.  This 
K^ates  the  point  v  on  the  curve. 

From  the  line  Jt',  auother  deflection  is  now  made,  of  the 

angle  as  before.     The  chaiumen  move  forward;   I  he  hind- 

lainman  stopping  at  i\  while  the  fore-chain  man,  keeping  the 

lain  extended,  is  directed  by  the   traiisitman  as  before,  and  a 

Doud  stake,  Wf  is  fixed  on  the  curve* 

By  continuing  the  process  of  deflecting  angles  equal  to  half 
e  degree  of  curvature,  and  causing  these  angles  to  Biibtend 
[ensured    distances    of  one    chain  each,    the  entire    curve  is 

ted. 

355.  The  la^t  defleetion  on   the  curve  rarely  cnrresponrla  to 

entire  chain  ;  it  is,  therefore,  less  than  the  otiiers.     Its  amount 

be  readily  calculated,  when  it  is  remembered  that  the  sura^ 

t  all  the  deflections,  or  the  angle  DAB^  is  exactly  equal  to 

le-hslf  the  angle  a, 

a 
Hence,  if  from      the  sum  of   the   deflection   angles  laid  off 
« 

subtracted,  the  remainder  will  be  I  he  final  defleetion  angle, 

Jled  the  sub-deflechofi  angle.    The  corresponding  sub-chord  is 

ch  pai*t  of  100  ft.  as  the  Sffh-dfflf'rtiou  amjh  is  of  the  depeithii 

igk.     In  practice  the  sub-chord  should  always  be  laid  otf,  using 

18  subHleflection  angle,  tx>  check  the  work  ;  the  final  peg,  thus 

,  should  fall  upon  the  previously  determined  t^ngent-peg. 

By  this  method  of  laying  out  curves,  any  errr)r  in  chaining 
;hord  is  carried  into  all  succeedins  T^ovtxow^  ' '   ' 
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356,  It  13  soraetiraea  necessiiry  to  remove  the  transit 
the  iransit-poiDt  to  mme  other  point  on  the  eurve,  before 
lacalioQ  haa  been  cumpleted. 

In  such  a  ca^e,  the  direction  of  tlie  tungeut  to  this  new  poi 
should  bo  determined.  "  8uppojie  ar,  Fig,  1C9>  to  bo  a  loeiited  poi 
on  the  curve  to  which  tJie  transit  has  been  transferred,  an 
from  wliich  new  iiointa  beyond  x  are  to  be  located.  Adjust  the 
transit  and  direct  the  telescope  to  A.  Layoff  the  angle  Axt, 
equal  to  DAx  (the  sum  of  the  dellectiona  made  in  locating 
V,  fv,  and  x),—a;i  is  the  tangent.  By  revolving  the  telescope* 
the  tangent  is  produced  to  .*f,  from  which  deflections  may  b0 
made  as  at  iir^t. 

NoTK  L^The  selection  of  Ihe  radius  is  governed  by  cift 
ciimstunces.  Curves  of  the  longest  possible  mdius  are,  in  raik 
roads,  always  the  most  desirable  ;  bnt  the  larger  the  mdine  foi 
any  imrtieular  pair  of  tangents,  the  gi-cater  the  distance  bj 
which  the  curve  will  depart  from  the  iuter:^etion  of  th< 
tangents.  It  may  happen,  therefore,  that  too  large  a  mdini 
muy  lead  to  an  obstacle,  which  the  angle  in  the  first  surrey 
wai  made  in  avoid. 

The  map,  therefore^  of  the  preliminary  survey,  should  incliidi 
60  much  of  the  toi>ography  of  the  adjacent  section*   that  th 
radii  of  the  curves  may  be  selected   by  an   insjiection   <>f   tlio 
map. 


Note  2.— It  will  be  observed  that  it  is  the  chord,  and  not 
the  air,  that  is  measured  for  each  deflection,  when  locating 
in  the  field  ;  the  difference,  in  railway  curves,  of  proper  dimen- 
jns,  doi^^  not  lead  to  sensible  error. 

For  curves  of  a  short  radiua  (less  than  two  thousand  feet), 
the  error  may  be  diminished,  by  locating  the  stakes  at  half- 
ch:iin  distauces,  deflecting,  of  course,  half  the  calculated  deflec- 
tion angle. 
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locatiom  of  Curves  by  two  Tranalts. 

357.  The  surface,  orer  whicli  it  is  neoessarj  to  locate  a  curv^ 
iy  be  of  &uch  a  character  as  to  render  it  impracticable  for  the 
liainnien  to  maka  tbeir  measurements;  if,  however,  the  various 
limnts  are  accessible  to  the  axemau^  as  in  the  case  of  niarsbes, 
sballow  lakes,  or  bays,  the  stakes  may  be  accurately  located  by 
the  simultaneous  deflections  of  two  transits. 

The  method  is  based  on  the  following  geometrical  principle  : 


Fia.  im 

Let  A  and  B  Iks  the  two  tangent  points  of  the  curve  .4 t'j^, 
and  /?  the  intersection  of  the  tangents. 

If  from  any  point  v,  on  the  curve,  the  lines  vA^  vB,  be  drawn, 
then  the  sum  of  the  angles  vAB  and  vBA  is  measured  by  one- 
half  the  arc  AB,  and  is  therefore  equal  to  one-half  the  angle  a, 
or  to  either  of  the  entire  angles  A  or  B* 

To  locate  the  curve  in  the  field,  a  trausit  is  set  at  each  of 
the  tangent  points  A  and  B,  and  the  deflectiou  angle  is  deter- 
mined as  in  the  first  method. 

The  transitman  at  A  deflects,  in  the  usual  way,  one  deflec- 
tion angle  from  the  tangent  AD.  At  the  same  time,  the  trausit- 
man  at  B  deflects  the  same  angle  from  tbe  chord  BA^  or  what 
amounts  to  the  same,  he  deflects  the  difference  between  this 
angle  and  ^,  from  the  t^ngont  BD.    The  lines  of  sight  of  the 
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two  telescopes  now  intersect  at  a  point  v,  on  tho  curve,  one  chwii 
fi-om  A.  The  flagman,  directed  at  the  same  time  by  botii 
transitmen^  is  readily  brought  to  the  location  of  the  point 
By  a  repetition  of  this  process  the  entire  curve  is  located. 

LQcation  of  Curres  by  the  ChaiiL  alone. 

358,  It  is  sometimes  convenient  to  locate  a  carve  without 
using  the  transit.  In  such  case,  the  following  method  is  gen- 
erally employed. 

Let  A  represent  the  point  of  tangcmcy,  C  the  centre,  nod 
V,  ic,  Xj^  located  points  of  the  curve,  one  chain  apart 

From  \\  draw  vu  perpendicular  to  the  tangent,  and  it  tiD 
be  the  first  offset,  which  denote  by  o.  Denoto  the  length  of  tho 
chain  by  /,  and  the  radius  AC,  by  r.  If,  now,  we  suppu&ciC 
to  be  prolonged  till  it  meets  the  cireamference  in  some  pini, 
on  the  other  side  of  the  centre  C\  and  this  point  then  to  be 
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will  be  the  second  offset,  and  Tvill  be  double  tm.  For,  the 
ttglee  in  the  figure,  whose  vertices  are  C,  and  whose  bases 
the  equal  chords  Av,  vw^  &c,,  are  isosceles  and  equal, 
fow,  in  any  one  of  the  triaogles,  the  sum  of  the  two  angles 
lit  the  base  and  the  vertical  angle  C,  is  equal  to  two  right- 
angles.  But,  since  Avi  is  a  stniight  line,  tvw-\-wvC-^CvA9 
is  also  equal  to  two  right  angles.  Therefore,  ivw  is  equal  to 
any  one  of  the  equal  angles  at  (7,  and  is,  consequently,  double 
the  angle  uAi\  which  is  half  the  angle  C. 

I  Since  the  triangle  tvvi  is  isosceles,  if  vp  be  drawn  perpen- 
tlicular  to  the  base,  it  will  bisect  both  the  base  and  the  vertical 
augle,  making  ip  z=i  ptu.  But  the  right-angled  triauglea  J«i'  and 
are  equal  (Leg.,  Bk.  I,  P.  &);  hence^  ttv  =  2vu,  Denoting 
be  second  offset  by  o',  we  have, 


a'  = 


(5) 


359.  The  practice  is  as  follows:  Having  calculated  the  first 
oflfeet  Of  fix  one  end  of  the  chain  at  A^  Fig,  171,  aud  stretch  the 
chidn  to  i\  measuring  uv  =  o  perpendicular  to  the  tangent ;  the 
measurement  of  o  may  be  made  with  a  short  sujrplementary  steel 
tape,  its  end  division  being  marked  to  hundredths  of  a  foot^  or 
with  a  rod  marked  with  two  divisions  each  equal  to  a,  Next 
hold  one  end  of  the  chain  at  v  and  align  a  pin  at  /,  on  Av  pro- 
longed, making  r/ =  J  v;  then  swing  Ihe  chain  towards  w  till 
the  measured  distance  iw  =  2o  =:  «'<  Prolong  tnif  as  before  and 
find  a  new  point  x^  and  so  continue  till  all  the  full  chords  have 
been  laid  down.  The  last  chord  is  usually  a  snh-chard  and  its 
offset  must  be  calculated  separately.  Suppose  it  is  required  to 
m  a  curve  of  1000  feet  radius,  the  angle  of  intersection,  a^  Fig. 


70,  being  iS"" 


From  the  formula  d^r  tan  —  we  find  DA  ^^ 


5^,  and  then  locate  the  tangent  peg  at  A^  and  also  that  at 
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W<^  aUo  find  o  t=  5  and  o'=  10,     The  angle  si  Ifae  omtrei 
tmdod  by  tbt  lOO^ft  chain  is  found  bjr  the  reUtioii  ^ 


r 


sine  I  angle  at  centre  (Ijeg*,  Trig*,  Art.  04).     In  thecaseso] 
wo  tind  I  ho  «ng1e  subtended  to  be  5"*  44'.    The  nnmbcr  of  lull 

chonU  U  eqnal  to  f^d-tw j  which  gives  8  full  choitls,  and  a  remwn- 

iug  angle  ot  the  eenlr«  of  2^  S\     To  find  the  sub-ehord  we  hii« 


dne  (%-)  X  1000  x  2  r=  37.24  feet 


The  final  offset  is  ^11^  ^  1.39. 
r 

The  peg  at  the  end  of  tlie  sub-eiiord  should  full  at  the  second 

taugent  peg,  if  no  errors  hare  been  made  in  chaining. 

NoTK, — In  employing  this  method  of  locating  curres,  tto 
aligning  by  which  the  chords  are  produced  should  be  done  with 
ninch   cuiv,  a^  any  error  iu  locating  a  stake    involves  much 

iat*?r  and  increasing  errors  in  Bucceeding  stakes. 

This  is  called,  by  engineers,  *•  the  method  by  offsetting  fnini 
tniigent  and  cliords  prodnccd." 


&XA  MPLES. 

1,  What  are  the  tangent  and  chord  offsets,  for  a  curve 
2000  feet  radius  ;  the  stakes  to  be  100  feet  apart  ? 

Ann.     From  langent,  2.5  ft.;  from  tliord  prodnced,  5  iu^ 

2.  Find  offsets  for  a  one-degn*<?^  curve. 

An,^.    Tnngent,  .87  ft.;  chord,  1.74  ft 

380.    Let    it    be   required    to  run  out  a   curve  of  500  ft] 
radius^  the  stations  being  25  feet  apart  on  the  curve. 

As  the  chord  of  the  angle  1  is  to  be  25  ft,  we  have  (Fig.  172)m 
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W  /r-  .m  which  we  find  /  =  3**  52'.     Now, 

Tx  =  b8  =  sine  t  x  500  =  25  feet ; 
and  ttb=Ts^  500 -(ooa  i  x  500)  =  .63  ft 

Maasare  from  T  :15  feet  to 
ar,  and  at  x  lay  off  the  per- 
peudicular  xh  =  .63  ft,  thus 
locating  the  poiot  b  on  the 
cuire.     To  locate  c  we  have 

Tij  =  m  =  m\  2  i  x  500 
=  49.95  ft,  and 


yc—Tw  =  500—  cos  2/  X  500) 
=  2.50  ft. 


FW.  172. 


The  next  tangent  distance  to  z  equals  sine  3tx500,  and  tlie 
offset  at  z  equals  500— (cos  3i*x500),  and  eo  on  for  succeeding 
points. 

When  the  ofl&ets  become  too  long  to  he  readily  and  con^ectly 
Bet  out,  a  new  tangent  is  located  thus:  Prolong  cd  to  h  making 
dh  =  cd,  and  then  hjsect  he  (e  liaving  been  already  located)  in  /' 
and  range  a  line  df,  which  line  will  be  tangent  to  the  curve  at  d. 
The  correctness  of  the  new  tangent  should  always  be  checked  by 
locating  from  it  the  third  or  fourth  station  counting  back 
towards  T.  The  same  computed  vahies  that  were  used  iu 
locating  the  points  ahTady  fixed  may  l>e  again  used  in  locating 
new  points  from  the  new  tangent. 


Lftylng  off  the  Ordmates. 


4 


361.   The  methods  described   thus  far  for  locating  railway 
conrca.   apply   to    poiote   100  feet  apart.     This  is    sutfioiently 
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accurate  for  the  earthwork.     1b  laying  the  track.  howe?er, 
every  ton  or  twelve  feet  are  neoeasary.    These  are  set  by  im 
the  chain  or  tape  in  a  straight  line  between  the  100-(t 
and  measuritig  from  it,  o^U|  as  often  as  deeirabki  to 
intermediafce  points  of  the  curve. 

The  length  of  these  offsets^  or  ordinates^   is  calcnhtcd  io 
the  following  manner: 


Let  FfF  represent  a  100-ft.  chord  of  a  railway  curve,  of  irhicli 
C  h  the  centre.  Draw  the  diameter  HK  parallel  to  Ffl',  and 
drop  the  perpendicular  VL*    Then, 

VD  ^  HLx  LK. 

(Legendre^  Bk.  IV.,  Prop*  23,  cor.  2).    Since 

HL  =  r-  50, 

and  LK  =  r  -f  50, 

the  Yalue  of  VL  is  readily  calculated  for  known  values  ol  the  i 

radius. 

Let  NM   be  an  ordinate,    at  any  distance  from  Fi, 

10  feet.     Then, 

NM^  =  HM  X  ME; 

whence,  NM^  ^  {r  -  40)  (r  +  40), 

Having  determined  A^Afy  subtract  VL  from  it,  and  Wei 

%  Qp^    '  '^  ^  ordi nates  required. 


BOOK  tX.] 


RAILWAY    01 


3201 


In  this  manner,  by  calculating  the  full  ordinate  to  the 
diameter,  and  subtracting  VL^  any  desired  nuralxr  of  offsetij  are 
determined  for  the  half  chain  VR  For  Fll\  the  ordinates  have 
the  same  length,  but  are  located  in  the  inverse  order. 

The  middle  ordinate,  FE,  is  foimd  by  subtracting  VL  from 

the  radiug. 

example:. 

Determine   the  ordinatea  10  feet  apart  on  a  100- foot  chord, 


for  a  two-degree  curve.     Eadius,  :2S(>4.70  feet. 

An$.    At  10  feet 

= 

.15  feet 

At  20    " 

= 

.28 

At  30    " 

r::: 

M    '^ 

At  40    "' 

^ 

.43    " 

Middle  ordinate 

— 

.43    « 

If  tl 


Eeversed  and  Compound  Cuires.'*' 

362.  Two  corvee,  of  the  same  or  different  radii,  may  join 
other  and  have  a  common  tangent  at  the  point  of  j  unction - 
If  the  curves  lie  on  opposite  sides  of  the  common  tangent,  they 
form  a  reversed  curve,  and  their  radii  may  be  equal  or  unequal ; 
if  they  lie  on  the  same  side  of  the  commou  tangent,  they  have 
unequal  radii  and  form  a  compound  curve.  Thus  ABC  (Fig*  174) 
is  a  reversed  curve,  and 
ABD  a  compound  curve.  /    \  \ 

The  point  of  contact 
of  the  common  tangent 
is  called,  in  a  reversed 
curve,  the  reversing  point, 
and,  in  a  compound 
curve,  the  common  tan- 
gent point  or  the  point 
of  compound  curvature.  fw.  m. 


*  Tsken,  by  petmUtion  And  wilh  B%hL  Altfiffttioaa,  Irau)  Henck^a 
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tween  parallel  taii- 
getita  is  in  the  line 
joining  the  Ungeiit 
IJomte,  Thus,  in  the 
curve  A€W,  Fig.  175, 
contained  between  the 
parallel  tangents  HA 
anil  ^A',  tlie  reversing 
point,  C,  is  ill  the  line 
AB  joining  the  points  of  contact  A  and  B, 

A  reversed  curve  is  of  use  in  certjiin  track-work  near  station^ 
constructing  turnouts,  &c.,  though  it  is  not,  or  ought  not  to  be, 
used  on  the  ordinary  running  track. 

363,  Given  the  perpendtmlar  distance  between  two  paroBd 
tangents  BD  =:  b  (Fig,  ITS),  the  distance  betwften  the  two  tanynt 
points  AB  ==ia,  and  the  first  radius,  £C ^  R,  of  a  reverui 
mrve  vniiing  the  tangents  HA  and  BK,  to  find  the  ckfU 
AC  =  a'  and  CB  =  a",  and  the  second  radius  CF  —  R\ 

Draw  the  perpendieulurs  EG  and  FL  (Fig.  175),  Then  thfi 
right-angled  triangles  ABD  and  EAO  have  the  angle  BAD 
=  AEO^   since    each    is    one-half    AEC,   and    are,   therefore, 

similar ;  hence, 
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W  ^ 


aa 
'2b 


(3) 


ny  three  of  the  quantities  a,  a',  a'\  b,  R,  R\  being  given,  the 
[others  may  be  found  from  equations  (1),  (2)>  (3)* 

EXAMPLES. 

1.  J  =  8,  a  =  160,  R  =  000  ;  find  a',  a",  R\ 

a'  ^  90 ;  a*  -  70 ;  J2'  =  TOO. 

2.  b  =  8,  a'  ^  90,  fl"  =  70 ;   find  a,  R,  R\ 

3.  /e  =  yOO,  R'  =z  700,  b  =  S;  find  a,  a',  a". 

364.   Given  the  line  AlJ  —  a  (Fig.  776'),  which  joins  the  fixed 

MigcfU  points  A  and  B^  the  angle  DAB  =  A,  and   the   angle 

\Q  ^  B^   to  find  the  common  radius  £C=  CF  =  M  of  a 

curve  to  unite  tht  tangents  HA  and  BL, 

From  the  triangle 
iEK,  Fig.  176,  we 
lare  (Art.  32), 

iE .  EK  ::  sin  AKE 
mn  EAK; 

iQt  fiinc^ 

EAK  ^  90^  —  J, 

sin  EAK  =  coa  A; 

;ence^  denoting  angle  AKE  by  K,  wg  have, 

EK  ^  sin  K  =  R  ^  cos  A, 

n  like  manner,  from  the  triangle  BFE'^  we  have, 

FK^nn  K  =  R  ^  cos  B. 

horn  (1)  and  (2),  by  addition,  we  have, 

(EK^  FK)  sin  K  =  2R  sin  K  =  R  (cos  .1  +cos  B).     (3) 


H- 


Fio.  ITfl, 


(1) 

(2) 
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[boos 


IL 


Bin 


jT  =  I  (C08  A  +008  B), 


K\ 


Bat        COB  ^+008  JS  =  2  cos  i  (J  4-^  cos  J  {A~B\ 
(see  Legendi-e,  Trig.  Art  67) ;  h^nce, 

siu  A'  ^  cos  \  {A  +5)  cos  \  [A^Bj. 
Having  found  A',  we  haye  the  angle 
AEK=  E^  l80"-(A>i^JA^)  =  180"-(ir-h90"-J) 

In  like  manner,  the  angle 

BFK-  F^dO''-tB—K, 
From  the  triangle  AEK^  we  have 

AE  :  AK  ::  sin  K  i  sin  E* 
.*•    R  mx^  E  =  AK s\n  K. 
In  like  manner,  from  triangle  BFE^  we  hare, 

irsin  /'=  ^^  gin  ir. 
From  (8)  and  (9),  by  addition,  we  have 

R  (sin  A'+sin  F)  =  {AK-\-BK)  sin  Jr=  a  sin  A.    (10) 
But,        sin  A+sin  F=%  sin  i  (A-j-A)  cos  J  (A— /^, 
(see  Legendrej  Trig*  Art  67) ;  hencCj 

i  — 

Fsu 


i?  = 


1«  sin  K 


l«) 


(9) 


(I 


sini  (A+A)  COS  i  (A- A) 
Siibstitnting  in  (II)  the  values  of  A  and  F  from  (6)  and  (T)i 


we  have 


A  = 


I  0  sin  A" 


I  "*       cos  [A'—  4  ( ^  +  A)]  COB  1  (J  —  A) ' 

I         Example.— Given  a  =  1500,  A  =  18%  A  —  e^";  find  A 
r  From  equation   (4),  A'  is  found  to  be  IQ""  36'  10",  and  ti 

I  from  (12),  R  is  found  to  be  1710.48. 
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1365.  1/  one  branch  of  a  compound  curve  he  produced  until 
the  tangent  at  Us  extremUy  is  pai^allel  to  the  tangent  at  the 
exiremitff  of  the  second  branch,  the  common  tangent  point  of  the 
two  arcs  is  in  the  straight  line  produced  which  passes  through 
the  tangent  points  of  these  parallel  tangents, 

^       Let  ACB,  Fig.  177,  ^ 

bo    a    compound    curve 

uniting  the  hingents  IIA 
,  ami  ^A;     The  radii  FO 

and  FC,  being  perpen- 
[dicnlar  to  tbe  common 
[tangent  at  C,  the  point 

i>f  comiKiund   curvature, 
in  the  same  straight 

line-    Continae  the  curve 

IC  to  />,  where  its  tan-  fm.  it*. 

fgent  OD  becomes  parallel  to  BK,  and  consequently  the  radias 
^Jf/>  parallel  to  FB,  Then  if  the  chords  CB  and  CB  be 
IWB,  we  have  the  angle  CED  =  CFB^  whence  ECDy  the  half- 
Itnpplement  of  CED,  is  equal  to  FCB^  the  half-supplement  of 
\CFB.  But  BCD  can  not  be  equal  to  FCB^  unless  CD  coincides 
\Vfith  CB;   therefore,  the  line  £D  produced  passes  through  the 

DOramon  tangent  point  C. 

366.   To  find  a  Umii   in  one  direetion  of  each  radius  of  a 
^compound  curve. 


^ 


Let  J/ and  BIy  Fig.  177,  be  the  tangents  of  the  curve  ;  draw 
IM  bisecting  the  angle  AIB ;  draw  AL  and  ^.¥  perpendicaUr 
regpectively  to  A I  mid  BI,  meeting  IM  in  L  and  3L  Then  the 
radius  of  the  branch  commencing  on  the  shorter  tangent,  A  I, 
mast  be  less  than  ALn  and  the  radius  of  the  branch  commencing 
on  the  longer  tangent,  BL  must  he  greater  than  B}f. 


For,  suppose  the  shorter  radius  equal  to  AL^  and  hence 
equal  to  J/;  join  LN^  then  the  equal  triangles  J/Z.  and 
give  AL^LNi  m  that  the  curve,  if  continued,  will 
through  N^  w!iere  its  tangent  will  coincide  with  IK.  Then 
(Art  365)  the  cominau  tansrcnt  point  would  be  the  ioterBectioii 
of  the  straight  hue  through  B  and  N  with  the  first  curve;  bwl 
in  this  case  tljere  can  be  no  intersection,  and  therefore  no  eom- 
mon  tangent  point 

Suppose,  next,  that  this  shorter  imlius  is  greater  than  AU 
and  continue  the  curve  till  its  tangent  becomes  parallel  to  BL 
In  this  case,  the  exti'emity  of  the  curve  will  fall  outside  the  tao- 
gent  BI  in  the  line  AN  produced,  and  a  straight  line  through 
B  and  this  extreniitj  will  again  fail  to  intersect  the  curve  almidj 
diuwn.  As  no  common  tangent  point  can  be  found  wIu'ti  the 
shorter  radius  is  taken  equal  to  AL^  or  greater  than  AU  no 
compound  curve  is  possible.  This  radius  must,  therefore,  b<»  to ^ 
than  AL. 

In  like  manner  it  may  be  shown  that  the  radius  of  the  oil 
branch  of  the  curve  most  be  greater  than  BM. 

If  the  tangents  Al  and  BI,  and  the  intersection  angle  /( 

known,  then 

AL  ^  A!  tan  J/; 

BM  ^  BI  tan  J/ 

These    values    are,  therefore,   the  limits  of    the  radii    in  <wi« 

direction. 

367.  If  nothing  were  given  but  the  position  of  the  tangents 
and  Mie  tangent  points,  it  is  evident  that  an  indefinite  numl>er 
of  different  compound  curves  might  connect  the  tangent  jwinis; 
for  the  shorter  mdiiis  might  be  taken  of  any  length  less  than  the 
limit  found  alxjve,  and  a  corresponding  value  for  the  greater 
conld  be  found*  8ome  other  condition  must,  therefore,  be  intio- 
dnced,  as,  fi>r  example,  in  the  following  problem: 


j^ 
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368.    Given  the  line  AB  =z  a  (Fig.  177),  wfiich  joim  the j 
ianrjent  points  A  and  /?,  the  angle  BAIr=^  A,  the  angle  ABl::^  . 
and  the  first  radius  AE  =  B,  to  find  the  mcond  radim  BF=  R* 
of  a  compouful  curve  to  unite  ths  tangents  HA  and  BK, 

Let  the  first  curve  be  run  with  the  given  radius  from  A  to  A 
where  its  taugent  DO  becomes  iiarallel  to  BI ;  then  the  coinmun 
tangent  paint  C  is  in  the  line  BD  produced,  and  the  chord 
C^=  CD-^BD, 

The  angle  OAD,  furmed  by  a  taugent  and  a  chord,  id 
measured  by  half  the  arc  A  CD;  hence,  It  Bin  OAD  ^  R  sin 
IAD  :=  \AD  (see  Legendre,  Trig*  Arts.  64  and  30) ;  htiice. 


AD  —  !JJ?  sin  IAD. 


(1) 


Id  the  triangle  OAD,  since  OA  and  OD  are  equal,  angle  ADD  = 
180*— 20J/?;  hence,  OAD=IAD^W'-\AOD-W-\AIB ; 
lot  from  the  triangle  A  IB,  ^AIB  =  OO**— i  (A  -f  B) ; 


whence  the  angle  IAD  ^  ^  {A  +  B), 

Prom  (1)  and  (2),  we  have 

AD  =  2R8mi(A-^B). 


m 


(3) 


Then   in  the  triangle   ABD,   we   have  AB  =  a,  AD  =  2B  sin 
)  (A  4-  B),  and  the  included  angle 

DAB  =  lAB-IAD  =  A-i  (A  +  B)  ^  i  (A-B) ; 

Bttce,  we  have  the  proportion  (Legendre,  Trig.  Art.  45), 


AB+AD  :  AB-^AD 


tan  i(ADB-\- A  BD) 
tan  i(ADB^ABD), 


(4) 


i(ADB  + ABD)  =z  ^  (ISO'' -DAB) ;  l(Af)B-ABD)  may  1^ 
found  from  (4);  and  from  the  half-sum  and  half-differenoe  thus 
obtaiiied^  the  angles   ADB  and  ABD   may    be  found.      These 


anglos  being   known    the   mde   BD  maj  be  fpsad  bom 

proportion  (Art.  3a)» 

WD  ABD  :  sin  DAB  : :   AD  :  BD. 

The  angle  CBI  =  i?— jI  fiZ>. 

Again,  m  aliove,  C5  ^  ^/^  sin  VBIf 

and  <7i)  =  2i?  sin  CZ>0  ^  2^  sin  CB/. 

Substituting  those  values  of  CB  and  CD,  in  the  eqaation 

CB=  CD^BD, 
wo  Inivo  2iZ'  fiin  CBI  =  2*  sin  CBI+BD. 

BD 


or 


i?'=  i2+ 


2(R'^R)=: 


2  sin  CB/* 

BD 
sin  CB/' 


(5) 


When  the  angle  B  is  greater  than  A^  that  is,  when  the 
radius  is  given,  the  solution  is  tlie  same  except  that  the  angle 
DAB  ^  i(B^A),  and  CBI  is  found  by  suhtracting  the  fuppb- 
mni  of  ABD  from  B,    We  shall  also  find  CB  =  CD—BD;  hence, 


R'  =  R- 


BD 


or 


2(R-R')  = 


2  sin  CB/' 
BD 


(7) 


ein  CB/ 


Note* — If  more  convenient,  the  point  D  may  be  determined 
in  the  field  by  laying  off  the  angle  IAD  ^  J  ( J  +  B),  and 
nu-a^tiring  the  dist^meo  AD  =  2R  sin  ^  (A-^B).  BD  and  CBI 
may  then  be  measured,  instead  of  being  calculated  as  above* 


f 


Example,    a  =  950,  A  =8"",  B  =  7%  R  =  3000 ;  find  IT, 
AD^2x 3000  sin  i  (8°  +  7°)  =  783.16 
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i>J5  =  1  (8'-7')  =  80'. 

Then,  to  find  ABD,  we  hare 

kg(J£-^i>)»166^  =2.228300 

log  tan  i  {ADB+ASI^,  89°  4S'         =  2.360180 

(a.  c.)  log  (AB+AD),  1783.16  =  6.761161 

log  tan  i  (ADB-ABD),  87°  24'  17"  =  1.343641 

.-.    ABD  =  2°  20' iS" ; 

whence,  CBI  =  B-ABD  =  4°  89'  17". 

Next,  to  find  BD, 


log  AD  (783.16) 

= 

2.893849 

log  sin  DAB  (30') 

= 

7.940842 

(a.  c.)  log  sin  ABD  (2"  20'  43") 

= 

1.388052 

log  BD  (167.01) 

= 

2.222743 

Then,  from  (6),  we  hare 

- 

log  BD  (167.01) 

= 

2.222743 

(a.c.)  log  CB/ (4°  39' 17") 

= 

1.090708 

log  2  (R'-R),  2058.03 

= 

3.313451 

.-.     J2'-i2  =  1029.01; 

5' =  3000+1029.01 

=  4029.01. 

SECTION     U 


DEFINITIONS    AND     GENERAL     PRINCIPLES. 


369.  Mining  Surveying  corapriees  all  the  operations  aecii*- 
gary  to  detenu ine  tbe  relative  positions  of  the  parts  of  a  mm 
with  respect  to  each  other,  and  also  with  respect  to  thcsarface 
ol  the  earth. 

370.  The  geneml  principles  involved  in  this  branch  of  sat* 
yeying  ore  the  same  as  those  used  in  earfaee  ffunreyingt  bat, 
from  the  nature  of  the  case,  certain  modifications  are  required* 

Stations  are  designated  by  lumps  instead  of  flags*  and  lamp- 
stands  instead  of  flag-rods,  or  by  plumb-lines  properly  susfiended 
and  lighted ;  staimi  pointftf  if  temporary,  are  marked  by  cros»* 
lines  chipped  in  the  rock,  or  sometimes  by  simple  chalk  lincSi 
and,  if  permanent,  by  iron  pegs  driven  into  holes  drilled  for  the 
purpose. 

The  compass  is  rarely  used  for  underground  work,  aod 
ought  never  to  he  used  for  any  but  rough  work,  l^cause  of  tM 
inaccuracies  to  which  it  may  lead.  A  great  deal  of  the  mi 
in  the  U.  S.  is  done  in  the  far  West,  where  the  magnetic 
tion  is  not  known  ;  and,  further,  the  declination  is  scri< 
affected  by  the  state  of  the  atmosphere,  the  presence  of  iron 
magnetic  pyrites,  &e. 

The  iransit,  which  is  the  principal  angular  instrnmont 
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lyed,  and  the  only  necessary  one,  differs  from  the  ordinary 
,nsit  iu  having  a  diagonal  eye-piece,  to  permit  observations  to 

made  when  the  telescope  is  directed  verticully  upwmxl,  and 
an  arrangement  for  illuminating  the  cross-wires, 

A  method  of  lighting  the  cro«8- wires  is  by  the  i*efleetor  shown 
;»  Fig.  178*     This  is  an  elliptical  |»ieee  of  brasf^, 
ilverplated  on  the  under  side,  and  inclined  at 

angle  of  45°  to  its  ring,  which  m  fitted  to  i\w 
iject  end  of  the  telescope;    the   hole  in   the 

ector  admits  the  use  of  the  telescope,  while 
light  held  near  the  nnder  eurtuce  illnmiiiatea 
le  cross-wire:3. 

The  transit  should  be  furnished  witli  a  solar  attachment  (see 
)pendix  A)  for  e.*«tablifihiog  the  trae  meridian  and  nioning  out 
les  with  reference  thereto ;  and  should  also  have  an  extension 
ipod  to  adapt  it  for  use  in   mountain  8urveys,  where  one  or 

re  legs  must  be  shortened,  and  for  mines,  where  in  many 
ices  a  short  tri(K>d  is  indispensable. 

371.  Traversing  is  the  operation  of  running  a  zigzag  line, 
im  one  point  to  another      The  elements  of   the  trarerse  are 

ight  lines,  determined  by  their  lengths  and  by  their  in- 
nations  to  certain  fixed  planes*  In  mining  surveying,  three 
eh  planes  arc  use*! ;  the  ffsi,  is  either  a  meridian  pUuie 
irough  the  origin  of  the  traverse,  or  a  vertical  plane  through 
e  first  course;  the  sevofid,  is  a  horizontal  plane  through  the 
igin  ;  and  the  ihirdf  is  a  vertical  i^lane  through  the  origin, 
,d  peqiendicular  to  the  other  two. 

372.  Working,  or  Redncing  the  Traverse,  is  the  opera- 
on    of    finding    the    length   and    direction   of    a  single  line, 

uivalent  to  the  zigzag,  that  is,  starting  from,  and  terminating 
^  the  same  points.     Such  a  line  is  called  the  restdiani  of  the 
Terse. 


* 
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The  zigzag  line  is  ruu  along  the  subterranean  opeuiogH  i 
a    mine.      Such    openings,   when    vertical,    are    called  iha 
and  when  not  vertical,  iumteh. 


SECTION      II. 

METHOD    OF     LOCATING     CLAIMS. 

373.  The  methods  employed  in  locating  claims  on  the  surface 
are  various,  and  in  general  very  crude,  except  when  a  gunever, 
usuully  a  U,  S*  Deputy  Mineral  Surveyor,  is  called  upon  tomak* 
the  survey.  Prospectors  are  usually  without  suitable  instrumenti 
to  lay  off  their  claims  with  any  degree  of  accuracy.    We  w^ill* 
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licrefon?,   only  consider  the  method  employed  by  the  Deputy 

Mineral  Surveyors,  wlio  are  compelled  to  follow  the  instructioua 

received  from  the  Land-offiee, 

37€.  The  miuing  claim  shown  in  Fig.  179  has  the  dimensioui 

owed  by  the  U-  9.  Mineral  Lawis,  viz.,  1500  feet  in  the  direc- 

ion,  or  on  the  **  strike,"  of  the  vein^  by  300  feet  on  each  side  of 

e  middle  of  the  vein  at  the  surface.     An  ideal  case  is  assumed, 

e  exact  strike  is  supposeil  to  have  been  determined^  and  tiie 

side  lines  of  the  claim  run  parallel  to  it.     Such  cases  are  tlio 

:ception.     Generally,  the  strike  is  not  aeenratoly  determined 

y  the  prospector,  and  claims  are,  in  both  direction  and  dinien- 

ions,  usually  but  a  rough  approximutiou.    The  courts  are  lenient 

ltd  allow  considerable  latitude  in  the  l&atter.    The  prospector 

ly  alter  the  boundaries  of,  or  **  swing,"  his  claim  after  the  strike 

been  determined,  provided  that  no  trespass  is  committed ; 

t  when   the  course  cannot  be  altered  without    interference 

other  claims,  the  boundaries  already  established  mnst  he 

to. 

When  a  claim  is  made  and  staked  ont,  a  record  of  the  same 

Hat  be  placed  on  file  in  the  office  of  the  Recorder  having  charge 

^e  records  of  mining  locations  in  the  district  where  the  claim 

ate  ;  and  in  case  the  boundaries  of  such  claim  are  altered, 

record    of    the    amended     location    must    be    filed    in    like 

inner* 

"A  failure  to  make  and  record  the  h>cation  in  accordance 

ith  the  law  und  regulation  in  force  at  the  date  of  the  location, 

ill  defeat  the  claim  ;  and  if  it  is  not  matle  with  such  definite- 

as  to  operate  as  notice  to  all  persons  seeking  to  acquire 

:htfi  to  mining  lands,  it  will  be  void  for  uncertainty  "  (General 

,nd  Office  Instructions). 

375,  When  mineral  discoveries  are  made  and  located  on  sur- 
yed  land,  the  surveys  must  conform  to  the  public  survey  and 
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be  connected  with  or  **  tied"  to  it,  so  that  thei-e  wilJ  lie  no  6i&^ 
culty  in  finding  some  established  corner.     In  Fig*  179,  the  poini 
1  and  2  are  tied  to  the  N,  W*  cor.   of  the  quarter-section  inl 

T,  0  N.  II  5  W, 

376.  When  discoveries  are  made  on  nnsurveyed  land,  TT.  S, 
locating  monuments  are  established  to  which  the  claims  aa» 
tied  in  the  same  manner.  These  monnmenta  may  be  natuml 
objects,  a&  mountain  peaks,  permanent  rocks,  or  they  may  be 
artificially  constructed,  in  which  case  they  should  be  strong  and 
without  liability  to  disturbance.  The  method  of  tying  to  snoh  a 
monument  is  shown  in  Fig.  1?9.  Wlien  a  corner  is  properly 
tied  in  the  manner  mentioned,  the  courses  are  staked  out,  i 
1500  tU  along  the  length  of  the  vein  by  300  ft.  on  each  aide  offl 
the  same-  The  end  lines  must  be  parallel  to  each  other  in 
accordance  with  the  Mining  Law,  but  the  side  lines  need  not  be 
so,  though  tlie  survey  ol  a  lode  **must  be  substantially  a 
parallelogram." 

377.  Before  commencing  the  survey  for  a  patent,  the  original 
stakes  are  found,  if  possible ;  that  is,  if  no  amended  location 
tificafce  has  been  filed-     In  the  latter  case,  the  stakes  mark 
the  amended  location  are  the  ones  to  be  followed.     When 
stakes  can  be  found,  the  surveyor  will  be  guided  by  the  locator  or 
some  one  familiar  with  the  boundaries  of  the  proiierty,  provided 
the  boundaries  then  pointed  out  do  not  differ  from  the  record  of, 
the  claim  on  file  in  the  Recorrler's  office.      Even  in  the  latter 
case  the  surveyor  can,  at  the  wish  of  the  owner,  and  when  there 
is  no  interference  with  other  locations,  alter  the  claim  (swing  it), 
file  an  amended  location  notice  in  the  Recorder's  office,  and  BBuia 
forward   the  description   and   maps   of    the    altered    claim  for 
patent, 

378.  In  makinc:  a  survey,  it  is  frequently  found  that  the 
(jConEicting  claims,  that  is,  two  or  more  clainus  cr^ss  or 


i 
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Dakota.  When  claims  conflict,  priuntv  of  location  must  govern 
Ba  to  the  ownership  of  the  Burfaee  in  disptite,  ami  the  U.  8. 
Deputy  Surveyor  in  niakiog  liis  plot,  etc.,  is  reqiiireJ,  hy  the 
land-ofBce  instructions,  to  show  and  deduct  the  area  in  conflict 
from  the  fiuhserjueut  location, — as  ih  showo  in  the  figure.  Should 
this  not  be  gatisfactciry  to  the  owner,  his  aj>i>eal  ii  ta  the 
courta* 
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379.  When  the  survey  for  patent  is  completed^  the 
drives  strong  stakes,  genemlly  about  4  inches  to  5  incbes  squ 
and  4  to  5  feet  long,  (irmly  into  the  ground,  and  marks  thm 
M.  S.  (Mineral  Survey)  No.  1,  M,  S.  No.  2,  etc.  No  Im  Una 
4  stakes^  one  in  each  corner,  can  be  used  to  mark  a  claim,  siid  in 
some  cases  more  are  needed.  In  Fig,  180,  for  example,  it  ii 
readily  seen  tiiat  four  stakes  would  not  be  sufficient  to  trace  oat 
the  boundiiries  of  the  Golden  Seal,  Ocean  Wave,  Elkbom,  of 
Fenian  claims. 

380*  Wliea  claims  are  surveyed  for  patent,  they  are  nam 
in  the  order  of  their  application,  Lot  No.  1,  No.  2,  No.  3,  etc 
Figure  180  shows  thut  but  3  of  the  claims  represeuted  were 
patented  at  the  time  the  survey  was  made,  viz..  Placer  Lot  NOi 
120  and  55,  and  Esmeralda  Lot  No.  226.  The  Esmeralda  being 
■  patented,  it  will  be  seen  that  the  areas  of  the  other  clairofi  in 
conflict  with  it  have  been  deducted,  so  also  of  the  others  iu  the 
order  of  their  priority. 

381.  With  regard  to  errors  and  corrections  in  field  and  office 
work,  in  a  survey  for  patent,  the  following  instructions  are  giteft 
to  Deputies  (see  Special  Instructions  to  Deputies  by  the  Surrey* 
ors-General  of  Montana  and  New  Mexico): 

"The  error  in  balancing  must  not  exceed  two  feet  in  otrt 
thousand  feet,  and  this  will  be  nllowed  only  on  complicated  sa** 
veys  or  when  the  gi-ound  is  very  rough/' 

In  the  notes  of  survey  returned,  must  he  a  table  of  ar^ac^^** 
culated   by   double  meridian  distances;    in  this  table  must  t^ 
shown  first  tlie  balance  of  the  survey  as  actually  run  upon  tlt^ 
ground >  and  immediately  thereafter  the  corrected  latitudes  aoC^ 
departures.     The  correction  must  be  made,  either  by  distributing; 
the  ciTor  among  the  courses,  in  proportion  to  the  length  of  each 
course,  by  the    proyjortion — The  aura  of  the  lengths  of  all  the 
courts  is  to  the  total  error  in  latitude  or  departure  as  the  length 
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jrf  each  course  is  to  the  correction  of  its  latitude  or  departure 
(see  iVi't  127) ;  or  by  the  following  method,  which  is  considered 
preferable : 

•'You  can  correct  the  balance  by  compating  a  closing  coufse 
lid  distsnce.  This  can  be  made  on  the  last  line  of  tlie  survey 
when  it  is  one  of  the  longiest  lines,  but  otherwise  should  be  made 
upon  the  longest  line  unless  there  shonld  be  a  line  that  could  not 
be  run  aceumtelj,  and  in  that  case  close  on  it,  wben  you  use  this 
method.  This  corrected  line  wiU  be  the  true  line  to  be  used  \n 
the  notes  and  on  plot  In  notes  you  will  state  imraeiliately  fol- 
lowing (parenthetically)  the  course  and  dlstaoce  of  the  line  as 
actualiy  run  upon  the  ground.  This  is  the  better  way,  lus  the 
actual  error  made  in  the  survey  can  be  detected  by  reference  to 
^  this  line  only." 

^        "The  maximum  error  that  will  be  allowed  in  a  lode  claim  is 

10.03  acres/' 
382.  The  instructions  of  the  U.  S.  Genera!  Land  Office  to 
U.  S-  Deputy  Mineral  Surveyors  are  cmbnxeed  in  a  series  of 
decisions  and  letters  to  tbe  U.  S.  Surveyors-Generalj  relating  to 
P^icular  cases.  Baaed  upon  these  decisions  and  letters,  and 
upon  what  in  their  judgment  and  experience  seemed  necessary, 
ithe  Surveyors-General  have  generally  issued  printed  instructions 
to  their  deputies, 
A  copy  of  the  instructions  of  the  Surveyor-General  of 
Colorado  to  Deputy  Mineral  Surveyors,  with  sample  Field 
Note.^  aud  sample  Plot  furnished  therewith,  is  given  in  A^ 
pendix  C. 
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383.  Let  it  be  required  to  sink  a  shaft  from  tfae  surface  Is 
ccmiieet  with  a  tunnel,  which  is  driven  into  a  hillside. 

In  nniiiy  cases  the  needle  cannot  be  used  on  aceuuui  m 
disturbing  influences,  such  as  the  proxiniitj  of  iron  and  its  ores, 
or  niagnetic  pyrites.  The  vernier  readings  of  tlie  transit  are  ih«n 
employed,  and  indeed  this  method  is  preferai>le  in  all  caaes. 

Ascertain  the  course  of  the  tunnel  and  the  position  of  the 
point  where  it  is  desired  to  make  the  connection.  Establish  » 
iitat  ion -stake  at  any  convenient  distance  from  the  mouth  of  Ih* 
tunnel  that  will  command  a  sight  of  its  centre  point.  If  tbc 
centre  line  of  the  tunnel  is  a  stniight  lino,  or  nearly  so,  a  sight 
may  be  taken  from  the  established  station  to  the  point  of  inte^ 
eeetion.  In  general,  however^  this  cannot  be  done,  I  he  lim'  uf 
sight  being  cut  oil  by  deflections  in  the  course,  thus  requiniiga 
traverse. 

384.  Where  curves  occur,  stations  should  be  established  ^J 
dri\'iiig  nails  m  the  centre  of  the  cap-timber,  overhead  in  tlic 
tnnncL  If  there  are  no  timbers^  holes  should  be  drilled  in  th^ 
rock  aud  filled  with  wooden  spuds  into  which  nails  are  driven. 
Plumb-lines  are  then  suspended  from  these  naile,  lighted  bj 
lamps  suit-ably  placed,  and  used  for  sighting  to  with  A® 
transit. 

If  desireii,  the  selected  stations  may  l>e  marked  by  iron  pegs 
driven  into  boles  drilled  in  the  floor  of  the  tunnel  In  thiBcafl^i 
guiding  lamps  placed  on  stands  similar  to  tripods,  but  with 
sliding  pieces  carrying  the  lamps  and  fixed  in  position  by  clfliDp 
screws,  '-  *d  for  sighting  to*     By  the  sliding  aud  cluflip 
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^^rmngeraent,  the  height  of  the  lamp  may  be  made  equal  to  that 
^Bof  the  line  of  sight  of  thi^  transit  telescope. 

^       As  the  same  methods  will  apply  in  either  case,  the  suspended 
plumb-lines    will    be    aaaiimed    as    giving,    iu    general,    better 
B  results. 


387.  The  distances  between  the  stafciona  are  now  measured 
tti  great  care,  A  ehnin  should  not  be  used  in  these  meas ii re- 
men  ts  ;  a  light  steel  tape  is  much  better.  The  points  corres- 
ponding to  the  ends  of  the  tape  are  marked  by  chalk  lines  on  the 
rock,  or  in  some  other  convenient  manner.     The  distances  may 
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385.  To  place  the  transit  accurately  in  position  at  a  station, 
take  a  block  of  lead  with  a  steel  [XJiut  in  the  centre  projecting  out     ■ 
about  half  an  inch  ;  place  it  on  the  floor  of  the  tunnel,  with  the 
steel  point  upward,  immediately  nnder  a  phinib-bob  let  down 
from  the  station  overhead ;  the  plumb-line  may  then  be  removed 

I  and  the  transit  set  in  position  over  the  steel  point 
386.  Figure  181  shows  a  somewhat  extreme  case,  chosen  to 
illustrate  the  method  of  traversing.     Take  a  station  at  J,  out- 
side and  100  feet  (say)  from  the  month  of  the  tunnel    Fix  a 
stake  at  ^,  and  drive  a  nail  in  the  top  of  it  for  convenience  and 
accuracy  of  sighting.     Calling  the  outside  station  No,  1,  and  the 
one  at  the  mouth  of  the  tunnel  No.  2,  take  the  line  between 
lit^tions  1  and  2  its  the  meridian  of  the  eurvey,  find  the  azimuths 
Jof  the  several  successive  courses,  2  to  3,  3  to  4,  &c.,  with  respect 
to  this  meridian,  precisely  as  directed  in  Art  194,     The  bearing 
[  of  the  several  courses  with  respect  to  this  assumed  meridian  nniy 
then  be  found  and  tabulated  as  directed  in  Art.  195. 

If  necessary,  measurements  are  made  to  determine  the  cross- 
[section  of  the  tunnel,  its  height  or  breadth,  at  a  station,  or  at  any 
lesii*ed  point  of  the  course,  and  the  results  entered  in  the  column 
[of  remarks  iu  the  fiekblxjok. 
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be  measured  horizontally,  or  along  the  slope  6f  the  tuDnd 
which  latter  case  they  rnuet  be  reduced  to  horizontal  distanoef 
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^^^Ijet  tlie  nail  on  stiJtfF  at  A  (Fig.  181)  bo  at  the  same  distance 

^mboTe  the  ground  at  A  that  the  axia  of  the  vei-ticul  limh  of  the 

y  transit  is  above  the  floor  of  the  tunnel  at  station  2 ;   when  the 

telescope  is  pointed  to  the  nail  at  J,  the  reading  of  the  vertical 

limb  will  be  the  angle  of  inclination  of  the  first  course,  in  elem- 

■  (ion J  if  the  telescope  points  downward — in  depression,  if  it  ])oinrs 
upward.  Let  the  point  of  a  phiDib-bob,  suspended  from  the 
nai]  overhead  at  station  3,  at  tlie  same  distance  above  the  floor  of 
the  tunnel  at  3  that  the  axis  of  the  vertical  limb  of  the  transit  is 
above  the  floor  at  2  ;  when  the  telescope  is  directed  to  the  point 

I  of  the  plumb-bob,  the  reading  of  the  vertical  limb  will  be  the 
angle  of  inclination  of  the  second  course,  in  devation^  if  the 
telescope  pointa  upward— in  depression^  if  it  points  downward, 
in  like  manner  are  obtained  the  angles  of  elevation  or  deprcxssion 
|lif  the  several  saccesaive  courses  to  the  end  of  the  traverse. 
I  389.  The  method  of  recording  the  observations  and  measure- 
ments made  in  a  traverse,  is  shown  in  the  following 
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Tl»  iboTe  is  a  r^ecord  of  the  traverse  shown  in  Fig.  ISL 
The  dbtancea  metfttred  «ro  supposed  to  be  hodaontal  distaoo^ 
mA  tim  ttttglea  ol  inclinalioii  are,  therefore,  zero. 

39a  Tbe  laetiiod  of  nduchif;  the  (raverse  k  as  follovs. 
YVom  the  asimiiths  of  the  several  coursea  with   tbe  p\m 

Elakirn  m  meridiaii,   find    the  bearings  (see  Art.  195) 
mivd  iS  shown  in  the  following 
Office  Form, 
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Heneo  the  n>8u1tant  oonrse  ACy  from  1  to  0,  Hoh  a  northiii 
of  569.03  feet  a»d  a  westing  of  753.89;    to  find  its  leQglh 
beariDgy  we  have  in  the  triangle  A  BC^ 


hanise 


AB  ^  753.89    and    BC  =  569^  ; 


=  ^15*  +  ^C^  =  944. 


391.  If  tlvc  distances  between  stations  are  measured  on  the 
slope,  instead  of  liorizontidly»  the  angle  of  elevation  or  depres- 
sioa  of  eiich  course  must  be  observed,  and  recorded  in  the  proper 
column  of  the  field  book.  The  distances  on  the  elope  must 
then  be  reduced  tn  horizontal  distances  in  finding  the  resultant 
course.  The  method  of  record  and  reduction  in  such  a  case, 
and   when   the   magnetic  bearing  of  the    course,   from    which 

»aziniuth8  arc  measured,   is  given,   will  he  apparent    from    the 
following 


Example.    Required  the  resultant  of  the  traverse  of  which 
the  notes  are  contained  in  the  following 


Field  Book 
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Let  the   magnetic   bearing  of  the  coure^^  1.2,  from  which 
zimnths  are  measured,  be  S  23^  W* 
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Fiudy  from  the  bearing  of  the  course  taken  as  meridio&^fl 
the  azimutha  of  the  several  coursesi  the  bearings  of  the  seffl 
courses,  aa  in  Art.  198.    The  traverse  is  then  reduced  as  la  tin 
following 

Office  Form. 
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The  length  of  the  course  on  the  Blope,  multiplied  bj  ^>h^^| 
of  the  angle  of  incrmation,  gives  the  diatanca  the  coiirse  rifleil 
^■falls,  in  feet  (if  the  meusurcments  arc  made  in  feet);  and 4 
^^■length  multiplirf  hy  the  cosine  of  the  iingle  of  inclination,  gji 
the  reduced  length  of  the  course,  that  is,  the  length  that  woo 
have  been  found  had  the  course  been  racasnred  on  a  hariaouli 
line.    The  bearing  and  reduced   length   of  each  course  beni 
found,  the  laiitudcfi  and  departures  of  the  several  courses  H 
found  as  before*     In  this  example,  the  resultant  course  deeoea 
C0.4  feet,  its  Bonthing  is  550  feet,  and  its  westing  1404.5;  8 
bearing,  S.  681*"  W*,  and  length  on  the   horizontal,   1508.3,  i    1 
then  found  as  before.                                                                 ^H 

392.  The  difference  of  le%*el  of  two  points  undergroand  B^ 

m.] 
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foQiid  as  shown  in  the  example  giVen  in  Art.  391,  or 
running  a  line  of  levels  between  the  pointe  as  diiTcted  in 
Art,  294.  Ijeveling  rods  for  undergrouod  use  should  be 
painted  and  graduated  to  feet^  tenths,  and  hundredths  of  a 
foot,  and  about  3^  to  5  feet  iu  length.  When  reading  the 
graduations  of  the  rod  through  a  telescope,  the  flame  of  two 
aps,  one  from  each  side,  should  be  brought  to  bear  on  its  face 
las  to  light  it  and  not  obstruct  the  line  of  eight  of  the  observer. 

Method  of  Plotting  the  TJndergrouud  Traverse  ou  the  Surface. 

393.  To  plot  tlie  traverse  on  the  surface  of  the  earth,  the 
first  course,  from  which  azimuths  were  measured,  nuist  first  bo 
laid  down,  in  direction  and  horixiintal  lengtli,  and  its  two  ends 
marked  with  suitable  i>egs.  If  the  first  station  has  been  taken 
outside  the  tunnel,  as  in  the  tmverse  shown  in  Fig,  181,  the  first 
course  is  a! read j,  or  may  easily  be,  pegged  out  on  the  surface. 
If,  however,  the  first  course  is  within  the  tunnel,  as  in  example 
given  in  Art.  391,  the  first  course  must  be  connected  with  the 
surface.  There  are  two  principal  methods  of  making  the  con- 
nection : 

394, 


-FIRST     METHOD. 


[A  straight-edge,  AB^ 

mounted  on  two 
sties,  and  from  it  are 
suspended  two  plumb 
^  lines,  E  and  /;  as  far 
apart  as  the  breadth  of 
the  shaft  will  |>ermit 
To  prevent  agitution 
from  currents  of  air,  the 
bobs  are  permitted  to  dip 
into  buckets  of  water,  at 


M 


FtQ.  tBIL 


uses  througli 
ndiftli0liw^Bbeiinil0^edto  Jfand  L,ihe 
directlT  of^er  ike  fim  ooone,  and  cotiseqaentlj  its  bearing  will  be 
that  of  the  ^n^  enatte.  By  meftSEariog  the  line  £^  the  depth  a( 
the  daft  maT  \m 


Tm,  %WL 
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Let  the  transit,  provided 
with  a  diagooa]  ppe^ieoe, 
be  planted  over  the  station 
Dy  at  the  foot  of  the  fibaft* 
and  after  being  levcltxl,  let 
it  be  directed  on  the  sta- 
tion K*  Then,  withont 
(hanging  the  plane  of 
risioQ,  let  the  trandt  be 
directed  to  the  top  of  the 
ahaft^  and  let  an  assfiatant  plant  two  flag  rods,  one  at  A  and  ih 
other  at  S,  both  in  the  plane  of  vision*  and  let  the  line  JBk 
prolonged  to  L  and  J^*  as  before.  The  line  LM  will  be  in  the 
same  vertical  plane  with  the  first  eonrj?e,  DK,  Hence,  as  Ijefope, 
we  may  determine  the  bearing  of  the  first  coarse  of  the  traverse. 

396.    Having,  on  tlie  Kurface,  the  direction  of  ih»  mr 

and  the  position  of  Station  1  of  the  traverse.  Station,  ::  l  i  the 
traverse  may  be  foond  bj  laying  off  from  Station  1,  in  the  proper 
direction,  a  honscontal  distance  eqnal  to  the  length  of  the  firet 
course.  The  position  at  Station  2  on  the  surface  will  ibns  he 
determined.  Put  the  transit  ovrr  the  surface  position  of  Station 
make  the  zero  of  the  vernier  coincide  with  the  zero  of 


5EC,  in,]  UKDEEGBOUKD    TRAVERSING. 

orizontal  limb  nod  cliimp  the  vernier  plate;  direct  tbe  telescope 
Barfiiee  Station  1  and  clamp  the  limb;  rt?volve  the  telescope  on 
liorizontal  axis,  iiucliimp  the  vernier  plate  and  revolve  it 
nd  to  the  right,  through  the  azimuth  of  the  course,  from  2 
3  ;  the  line  of  gight  of  the  telescope  will  then  be  in  tlie  direc- 
tion of  the  traverse  line  from  Station  2  to  Station  3;  measure 
from  surface  Station  2,  in  the  direction  i'ouod,  u  horizontal 
distance  equal  to  the  horizontal  distance  of  the  traverse  line 
from  Station  2  to  Station  3;  tlie  extremity  will  be  the  snrfaco 
position  of  Station  3.  Clamp  the  vernier  plate  and  remove  the 
transit  to  surface  Station  3;  reverse  the  telescope  on  its  hori- 
zontal axis,  loosen  the  lower  clamp  and  sight  surface  Station  2; 
tighten  the  lower  clamp  and  revolve  the  telescope  on  its  axis; 
iiactamp  the  vernier  plate  and  turn  it  throu^di  the  azimuth  of 
the  course  from  3  to  4;  the  lino  of  sight  of  the  telescope  will 
then  lie  in  the  directiim  of  the  traverse  line  from  Station  3  to 
Station  4 ;  determine  the  surface  position  of  Station  4  by 
measurement  from  surface  Station  3,  as  befoi*e  (see  Art,  196). 
Proceed,  in  like  mauuen  to  mark  out  on  the  surface  the  sue- 
oessive  underground  stutions  and  courses,  till  the  required  point 
(9  in  Fig.  181}  is  found. 

397*  The  Blope  rod  is  a  convenient  instrument  for  use  in 
making  surface  measororaent?. 

A  device  for  eueli  a  rod,  for  which  caveat  was  entered  by  A.  .L 
Bigby  of  New  York  in  1883,  consists  essentially,  as  shown  in 
Fig.  184,  of  a  horizont4il  bar  10  to  12  feet  long,  made  to  move  up 
aod  down  a  verticid  bar  6  to  8  feet  lon^*^,  to  which  it  may  be 
clamped  in  any  position » 

The  horizontal  bar,  A,  carries  a  scale,  graduated  to  hun- 
dredths of  a  foot  and  reading  by  vernier  to  thousandths  of  a  foot, 
a  spirit  level  E,  by  which  the  bar  may  be  made  tmly  horizontal, 
and  an  extension    bar  C,  wliicli  may  he  drawn  out  4  to  '^ 
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muking  the  extended  bar  14  to  18  feet  long ;  when  the  bar  is  dmwii 
out,  the  reading  is  made  hy  a  vernier  oa  the  extension  bar,  as 
shown  in  the  iignre,  in  a  mauner  similar  to  that  in  which  ifae 


^  Hari%antcd  Bur 
M   TirtiialBar 

n  damp  PlrU^. 
B  SpirilLercL 
-P  Cktrnp  Screws, 


i!^ 


r^ 


Fm.  l&l 


H^   one 

^^tl 


extended  leveling  rod  is  read  (see  Art.  290).  The  vertical  bar, 
Bi  also  carries  a  graduated  scale,  reading  by  vernier  to  thou- 
sandths  of  a  foot.  The  two  clamp-sere  we,  FF^  working  against 
a  clamp-plat 0,  fasten  the  horizontal  to  the  vertical  bar  and  keep 
it  firmly  in  position,  both  horizontally  and  vertically,  against  its 
bearings  on  the  vertical  bar. 

The  manner  of  using  the  slope-rod  is  shown  in  Fig.  185. 
Pegs  are  driven  into  the  ground  at  convenient  stations  along  the 
line  which  is  to  he  measured,  the  exact  point  on  each  being 
marked  by  the  intersection  of  croas-lines  on  the  top  of  the  peg; 
if  the  selected  station  is  on  a  rock,  and  a  peg  ean  not  be  driven, 
the  cross-lines  are  marked  in  the  rock  to  note  (he  station.  The 
front  edge  of  the  vertical  bar  is  placed  at  the  point  marked  on 
one  peg  and  the  end  of  the  hoiiKontal  bar,  extended  if  necessaiy, 

the  point  marked  on  the  other ;  the  horizontal  bar  is  moved 
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^aJ 

if^ 


pliYel 


wlv  up  and  down  the  Tertical  bar  till  the  bubble  of  the  spint- 
E  is  in  the  middle  of  its  run,  and  then  clamped  in  position 


Flo.  1S5. 


The  i-eading  on  the  horizontal  bar  will  give  tlic  tnie  horizontal 
clbtance  between  the  two  stations,  and  the  reading  on  the 
'fBrtical  bar  will  give  their  difference  of  leveK 


A  better  method  than  repeating  the  traverse  on  the 
surface  will  appear  from  a  consideration  of  the  diugramj  Fig*  181. 
It  will  be  seen  that  the  algebraic  snme  of  the  latitudes  and 
departures  respectively  of  the  eeveml  courses,  with  respect  to 
the  firet  course  taken  as  a  meridian,  are  equal  to  the  latitude  and 
departure  of  the  last  or  station  9.  TJie  latitude  of  9  is  the  pci'pen- 
dicular  of  a  right-angled  triangle  and  the  departure  is  the 
base;  the  distance  AC,  from  1  to  9,  is  equal  to  the  square  root 
of  the  sum  of  the  squares  of  the  latitude  and  departure  of  9. 
The  angle  BAC  may  be  found  by  the  relation 

BC 


tan  A  — 


BA 


(Art,  35). 


Having  found  the  angle  BAC\  the  bearing  of  AC,  with 
respect  to  the  course  1.2  taken  as  meridian,  is  equal  to 
^(f^BAC*  Place  the  transit  over  station  1,  level  it,  make  the 
aero  of  the  vernier  coincide  with  the  zero  of  the  horizontal 


il  1         i 
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rfamp  the  vernier  plate,  sight  to  station  2  and  clamp  the  lirab; 
■iinclamp  the  vernier  plate^  torn  it  through  the  beiiringj  as  found, 
of  AC^  and  ehmip  it  ;  the  line  of  sight  of  the  telescope  will  be  in 

I  the  line  AC.  Measure  the  horizontal  distance,  as  found,  from  J 
to  i\  and  tlje  point  ^  will  bo  accurately  determined. 
Again,  from  1  measure  oil  the  departure  of  0  at  right  imgles 
to  the  assumed  meridian,  from  the  end  of  which,  and  at  light 
anglefi  to  it,  measure  off  the  latitude  ;  tlie  end  of  this  latter  lino 
will  be  the  required  point  9. 

I  The  surveyor  should  be  satisfied  with  nothing  less  than  per- 
fect eoincidetiee  of  the  points  so  determined.  Fig,  186  shows 
fiectional  maps  of  work  performed  in  this  manner. 


R 


399.  To  produce  a  line,  previously  marked  out  on  the  sur- 
fece  between  two  shafts,  in  the  same  relative  direction  below 
ground,  so  as  to  form  a  heading  or  tunnel  from  one  shaft  to 
another,  proceed  in  the  following  manner : 

Set  up  the  transit  at  the  bottom  and  in  the  centre  of  the 
'shaft,  as  near  as  can  be  e&timated  by  the  eye,  as  at  a,  Fig.  18?, 
and,  after  the  iustrument  has 


l>een  accurately  leveled  and 
■ihe  zero  of  the  vernier  made 
^hto  coincide  with  the  zero  of 
™the  horizontal  limhj  sight 
^r  np  the  shaft  and  make  the 
Hcross-wires  of  the  telescope 
"bisect  a  mark  h,  in  the  line 
w^B  at  the  surface  :  revolve 
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the  telescope  vertically  a  little  until  the  vertical  wire  strikes  the 
[Opposite  side  of  the  shaft  at  i\    Measure  the  angle  cbe^  or  its  equal 


|_^  and  the  radius  of  the  shaft  ae.     The  exact  deviation  of  the 

entre  of  the  transit  from  the  vertical  plane  of  the  line  AB  at 
Ithe  surface,   may  then  ho  found  by  calculation  thus:    Ijct  the 


the  deviation  required  in  inches.  Remote  the  tntnfitt  from  a 
aloog  the  line  ^\  and  toward  ^',  a  difitance  of  1(15  incbes;  it 
will  then  occQpy  ita  trae  position^  or  be  Id  the  same  Tertial 
plane  n&  the  line  AB  at  the  surface* 

The  transit  may  now  be  adjusted  and  leveled,  and  the  tek» 
scope  [jointed  up  the  shaft;  when,  if  the  preceding  operation  htt 
been  properly  performed,  the  vertical  wire  will  exactlv  paa 
through  the  marks  previously  fixed  at  e  and  b  (H.  D,  HoskoU). 
Revolving  the  telescope  down,  its  line  of  sight  will  give  the  imi 
direction  below  ground  of  the  line  AB  at  surface* 

Method  of  Plotting  the  Traverse  on  Paper 

400.  To  plot  the  traverse  on  paper,  we  first  plot  the  pUa 
hy  the  usual  method  of  plotting  compass-work,  using  the  bear- 
ings and  the  reduced  lengths  of  the  courses.     This  gives  tke 
goneml  direction   of  the   horizontal   projection   of  the  travcf* 
run  ;  and  from  the  measurements  for  cross-section,  the  hreadibJ 
of    tlio    tunnel    on   each   side   may  be   plotted,  and   thence  i 
coniplute  plan  of  the  miue  may  be  constructed.     We  neit  pM 
the  profile  ul  the  traverse,  using,  as  in  railroad  plotting,  two 
6C4ilefi,  one  for  horizontal  distances,  and  the  other  and  larger 
ono  for  vertical  distances.    The  relation  between  the  two  scale* 
will  (lopend   upon    the  circumstances  of  the  case.    Sometimes, 
both   may  bo  equiih     The  profile  represents  the  undulation  d 
lilt' intverisc,  without  reference  to  its  horizontal  deTiationi    lA 
US  ctinceive  verticiil  planes  to  be  passed  through  all  the  coorees. 
Tlujso  will  iuterj'oct  each  other  in  vertic-al  lines.     Take  the  oni 
*.lir»Migh  the  first  course*  as  the  one  on  which  the  profile  is  t* 
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delineated.  Then,  beginning  witb  the  plane  through  the 
course,  conceive  the  otlier  planes  to  be  revolved,  in  order, 
about  its  intersection  with  the  preceding  one,  Ut  coincide 
ith  it,  and  so  on  till  all  are  brought  into  coincidence  with 
lie  fixed  one.  The  h'nes  of  the  traverse  will  then  be  sitnated 
one  plane,  and  a  plot  of  them,  in  this  position,  will  Ix?  tlie 
rofile  required.  The  distances  from  the  traverse  to  the  floor 
ad  roof  of  the  tunnel,  at  diiTerent  points,  enable  us  to  com- 
Jete  the  profile. 


SECTION     IV. 
PRACTICAL    APPLICATIONS. 

401,  To  determine  the  position  and  depth  of  a  mine  shaft, 
VB,  Fig.  188,  which  is  to  connect  with  a  tunnel  AB, 


If  the  course  of  the  tunnel  is  not  a  straight  line  it  must  be 
aversed,  Asguming  it  to  be  a  straight  line,  the  bearing  is 
Stained  with  the  transit*  The  length  of  the  tunnel  is  then 
Durately  measured  with  a  steel  tape  or  a  rod*  The  surveyor 
&w  stakes  out  the  course  on  the  surface,  then  beginning  at  tke 
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mouth  of  the  tunnel  the  first  peg  is  driTen  on  a  level  with  tbi 
Hoor,  and  the  measurement  of  the  tunnel,  gay  1000  feet,  ia  bii 
off  on  the  course  established  on  the  surface.  If  the  ebpe  rod  is 
uBeJ,  the  sum  of  the  vertical  measurenientg  or  readings  will  k 
the  vertical  distance  of  C  above  A,  Should  the  tunnel  at  B  U 
higher  or  lower  than  at  J,  the  difference  snbtnieted  from  or 
added  to  the  sum  of  the  vertical  readmgs^  mil  be  the  required 
depth  of  the  shaft*  If  the  slope-rod  is  not  need,  a  line  of  lereli 
must  be  run  to  tind  the  difference  of  level  between  -4  and  0^ 

402.  To  find  the  distance  necessary  to  connect  the  mm 
shaft  OF  and  the  tunnel  EP  (Fig,  189), 


Determine  the  depth  of  the  shaft  DJS,  by  suspending  a  chain 
from  the  surface  or  by  a  steel  tape  with  a  weight  attaclied. 
Measure  the  length  of  the  tunnel  BU,  already  completed,  andt 
with  the  slope  rod,  or  otherwise,  obtain  the  hori^sontal  distance 
DI,  and  the  difference  of  level  between  the  points  J)  and  G, 
This  difference  of  level  added  to  the  depth  of  the  shaft  DE  =:  the 
tot^l  depth  of  the  shaft  GR  Find  the  depth  of  the  shaft  GJ 
already  completed.  Then  OF^  OJ  =  JF,  and  EF—  EH  =  BF, 
the  required  distances-     In  this  case  the  tunnel  is  assumed  to  he 
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»ight  and  the  position   of  the  shaft  determined   as  in  the 
;ding  problem. 

403.  To  find  the  depth  of  a  raino  shaft  AB,  Fig.  190,  the 
lUince  From  the  outcrop  at  0  and  tlie  dip  of  the  vein  CB 
ing  given. 

Determine  the  difference 

level  AD  =  100  ft. 

The  horizontal  distance 
D  =  000  ft. 

Angle  PCB  =  GO^ 

Then  Dli  =  CD  tan  tSO° 
:  1039.2  ft 

And  AB  ^  vi/>  -f  BB 

100  +  1039.2  =  1139.2. 

To  find  the  distance 
torn  the  outcrop  to  the 
>int  of  iiitersection,  or  the 
itanee  CB,  we  have  (Da- 
Leg-,  Trig.,  Art.  37), 
CD 


*8S 


fB  = 


-^^.^^^1200. 

C08  tiO  I 


.  190. 


BY     COHfiTRUCTIOH. 


Di-aw  to  any  suitable  scale  the  distance  CD  ^  600  feet ;  from 
C  draw  the  line  CD^  making  an  angle  of  60"^  with  the  line  CD  ; 
from  the  point  D  draw  a  line  perpendicnhir  to  CD,  until  it  inter- 
lecte  CB  at  B;  produce  it  upward  to  A^  until  distance  from  /> 
ta  A  ^  difference  of  elevation  between  6*  and  A.  Measure  tho 
line  ^5  on  the  scale,  which  gives  the  required  depth.  Measure 
also  CB  on  the  scale,  which  is  the  distance  from  the  outcrop  to 
the  point  of  intersection. 

404.  Given  the  depth  of  the  shaft  DE  =  588.5  feet,  Fig. 
101,  and  the  horizon taJ  distance  FD  from  the  ouleTrj^  ^ 
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^^^ 


SOO' 


of  shaft  =  500  feet,  and  the  angle  OFD  =  60%  to  find  tk  j 

length  of  a  cross-cat  EG 

from    the   bottom  of    the 

shaft  to  intersect  the  vein ; 

also  the  distance  from  the 

outcrop    to    the  point    of 

iDtcrsoction. 

Find  the  horizontal 
distance  from  the  outcrop 
Ff  at  which  a  shaft  of 
588.5  feet  will  intersect 
the  Tein,  or  the  distance 
FfL  Tins  is  i-eadily  found; 

far  assuming  it  to  be  the  ^^  j^ 

base  of  a  right-angled  tri- 
anglOj  we  have  (Davies'  Leg.,  Trig.,  Art.  37)» 


a^,\ 


If  a  depression  or  eleTation  from  the  outcrop  occurs  at  the  point, 
it  must  be  aobtraeted  from  or  added  to  the  depth  of  theebaft; 
for  example,  if  there  is  a  depression  of  50  ft*  it  will  only  be  neo#* 
sary  to  sink  538.5  ft  to  the  point  of  iutersection.  The  horiiontal 
distiinco  so  found,  subtract^^d  from  the  real  distance  of  the  abft 
from  the  outcrop  ^  length  of  cross-cut  =  160.22,  and 

FG  =  VDF^  +  {FD  -  GEY  =  <J79-5, 


BY     COKBTBUCTIOH. 

Draw  the  lino  FD  =  500  feet  to  any  convenient  scale.  From 
F  draw  the  line  FO,  making  the  angle  DFO  =  C0^  Tirx* 
f}E  =  588,5  ft.,  and  from  E  draw  EG  parallel  to  FD.  The  dl*- 
plCfii  can  now  bo  taken  from  the  scale. 


From  the  point  K  draw  to  JL  a  line  parallel  to  ///  ;  it  will 
intersect  JL  700—350  =  350  ft  from  the  point  /.  Thia  line  is 
the  |>erpeediciilar  of  a  right-angled  triangle,  aud  wc  have 
it  =  350  tan  60°-  Add  to  this  the  difference  of  elevation, 
which  ia  the  i-equired  depth. 


BY     CON8TBUCTION. 

Draw  the  line  /i=700 ft.,  and  from  ./draw  JK.  making  the 
angle  UK  =  G0°.  From  Fset  oft  the  distance  KI,  parallel  to 
JL,  and  make  it  350  ft.  From  /  raiee  the  |X"rpendieular  IL  and 
extend  it  to  II,  niaking  the  distance  Lil  —  100  ft.  of  the  scale. 
The  distance  IH  is  now  taken  from  the  scale. 

Problems  of  this  kind  occur  only  where  there  are  inclined 
shafts. 


406.  Given  tbe  distance  OL  =  400  (t»  and  the  m^  LOl 
r  0Ot^ ;  to  find  the  depth  of  a  shaft  at  the  point  of  itit 

with  the  vein,  nmd  to  find  the  length 
of  a  cross-cut  that  will  again  inter- 
sect the  rein  when  the  shtift  is 
continned  250  ft  below  the  pointof 
its  intersection,  Fig.  193. 

Draw  tlie  horizontal  line  OL 
=  400  ft,  Alflo  O^Vj  making  the 
angle  Z03r=  60".  Then  400 
tan  OO""  =  depth  of  shaft  at  the 
point  of  intersection.  Construct 
the  shaft  and  extend  it  to  the  point 
M,  250  ft.  below  the  point  of  inter- 
M,  and  draw  the  croes-cot 
M2i,    Then  by  similar  triangles, 

OL  :   LP   ::    MiY 

^.^       OL  X  PM 

BY     CONflTBtJCTION. 

Draw  OL  =  400  ft.;  also  ON,  making  the  angle  LOK^^\ 
and  LM  to  the  point  M,  250  ft  below  the  point  of  intersection  P. 

From  the  scale  take  off  LP  and  MX  the  required  distances. 

In  the  preceding  problems  tlio  angle  of  %]\f*  was  employed  I 
C4>n?enience  of  construction,  but  the  principles  would  be  trnol 
any  other  angle. 

407.  Fignres    194,  105,    19G,    represent  plan,    longitiidinBl 
and  transverse  sections  of  a  developed  mine. 

^^^  development   consists   of  a  vertical  shaft,  an  iuclii 

the   vein,  and  C  ouc-hundred-fooi 


T'T^m^^'mi^ 
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ELBiEirra  or  scKrwrm^ 


[' 


Id  opening  tmues  it  is  considered  good  pFBctice  to  fftlbv  I 
veiD  fur  a  considenble  distance  in  deplh^  to  be  falij 
its  continuity,  before  sinking  a  rertical  shaft  for  deep  wot 
Should  the  vein  ^  vertical,  however,  the  prospecting  i 
I    may  be  made  the  working  shaft.     The  depth  to  which  a  tkaft  i 
Laonk  on  the  dip  of  the  vein  will  depend  upon  the  En^jMff  m 
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110^ 


100' 


350^ 


loo' 


I       4-00* 


^  lo o  ^--  >— -  jts  a- 


i^o' 


>  £ 


150' 


< — 4^5«^ 


Fts  igis. 


churgo  jumI  mKiii  tlie  charactcrisHes  of  the  vein*  A  cureful 
enginwr  will  not  incur  the  expense  of  sinking  a  deep  working  fibJt 
to  itiirrst'ct  an  indined  vein,  iinlil  he  has  followed  the  Teiu  ^^ 
•lirh  n  flishinro  (hut  tlie  possibility  of  its  terminating,  or  **pinchj 
ing  oirl,"  i»  i(iiite  remote*  Slioiild  the  vein  be  irregular  and 
posBcas  well-dellrKnJ  fissure  chamcteristicfi,  the  greater  the  neoeS" 
'  r  rnro  in  Ihin  respect  and,  in  cases  of  great  uncertainty,  i^ 
i_0veti  bo  mlvi  :ifi1r  to  have  the  working  shaft  follow  the 
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of  the  vein*  If,  on  the  other  hand,  the  vein  is  found  to  be  6t 
and  regular^  poseesaing  well-defioed  fissure  cbaracteruttcs  U^i 
depth  of  150  to  ^50  feet,  the  working  vertical  shaft  might  be 
Bunk  with  comparative  safety.  No  rule  can  be  laid  dowD»  how* 
ever,  and  the  Engineer  must  always  exercise  his  oirn  judginejiL 

In  the  example  here  given,  we  have  ik«sumed  the  inclined  ^liaft 
to  be  sunk  to  the  same  tlepth  m  the  vertical,  for  if  originallT 
sunk  t<*  the  first  cross-cut,  440  feet  (Fig.  19C),  it  would  becir- 
ried  down  to  the  point  of  intersection  and  used  for  ventilation. 

The  method  of  surveying  and  plotting  such  a  mine  is  aimplj 
an  application  of  the  principles  already  L*xplained. 


408.  The  calculation  uf  ore-reserves  does  not  come  stnctly 
witliin  the  province  of  tlie  surveyor,  yet  after  completing  tlw 
survey  and  plot,  he  is  fi-equently  required  to  make  the  calculatioa, 
We  will  therefore  consider  methods  of  making  it* 

In  practice  the  methods  employed  are  various.  No  gt^neiil 
rule  can  he  given,  as  each  expert  has  a  system  of  his  own,  and  dif- 
ferent ejigiueers  will  not  agree,  T^ithin  wide  limits,  as  to  thfl 
(|imntity  uf  ore-iH?serves  in  the  same  mine.  One  may  assume  «ft 
the  measure  of  the  ore  in  .«ight  a  rectangular  block  limited  by 
the  outcrop,  the  depth  of  the  shaft  or  shafts,  and  the  extreme 
points  of  the  levels,  diminished  by  the  amount  e3ttnu*t»xl. 
Others,  but  one-half  or  <jne-third  of  this  quantity.  The  fonncr 
would  be  considered  an  excessive  estimate  in  all  caaes.  The  lat- 
ter too  low  wlien  the  vein  possesses  great  strength  aod  regulantT* 
though  even  this  estimate  may  be  too  high,  when  the  conditiDn* 
are  the  reverse.  The  surveyor  must  exercise  his  own  judgmeDU 
exercising  caution,  however,  as  the  calculation  is  an  imi>orttt^ 
one. 

Assume  the  development  shown  in  Figs.  194,  195,  196, 
let  it  be  required  to  calculate  the  ortvreserves  when  the  bounding 
.the  extreme  ends  of  the  level  drifts, or 
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ectangular  block  ABCDy  Fig.  195,  and  when  the  average  cross- 
"section  of  the  vein  is  6  feet^  and  a  cubic  foot  of  the  vein  matter 
H  in  place  weighs  150  Iba, 

^  Ore  stopes,  or  sfeps  made  in  mine-workings  by  and  for 
the  extHKition  of  ore,  are  generally  very  irregular,  the  repre- 
sentation here  being  an  ideal  one.  Suppose  the  stope-faces  to  be 
11  feet  apart  and  8  feet  high,  and  that  the  inclined  shaft  has 

I  extracted  10x6  ft  of  vein  matter,  and  the  levels  7x6  ft. 
We  see  that  the  inclined  shaft  has  exposed  the  vein  for 
440  +  115  +  U5  =  670  ft.;  deducting  say  15  ft  for  inequality  of 
surface,  we  should  have  a  rectangular  block  055  x  (400  +  350) 
X6  in  width  =  2947500  cubic  feet  of  ore:  to  be  deducted  from 
this,  we  have 

The  inclined  shaft  655  x  10  x  6 
Rlst  level  (150  +  300)  X  7  X  6 
^M     "    260  X  7  X  6 

3d     '^    5^0  X  7  X  6 

4th    *'    240  X  7  X  6 

5th    "    345  X  7  X  6 

6th    "    500  X  7  X  6 

S toped  out  ou  1st  level  east,  roughly  estimated,    3400 
'^      "      "    west     '* 


2d 

ti 

tt 

3d 

it 

east 

6th 

it 

west 

=  39300  cubic  feet 

=  14700 

=  10920 

=  21840 

=  10080 

^  14490 

=  21000 

ted,    3400 

6500 

7000 

20000 

12000 

182000  cu.  ft 

(say) 

2765500 

if     ti 

Total, 
Deducting  this  from  2947500,  we  have, 

Dividing  by  131,  the  number  of  cu.  ft.  required  for  a  ton,  and  we 
have  204852  tons  of  ore  in  siglit. 

Another  method  of  calculation  is  as  follows:    The  longest 
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drift  east  is  400  ft*  and  the  shoitest  100  ft.    Assume  the  bonndiiig 
line  in  this  dir^ctiou  to  be  at  a  distance  east  of  the  shslt, 


100  -f 


400  —  100 
2 


=  1l^Qtt 


The  longest  drift  west  is  350  ft  and  the  shortest  100  ft;  take  the 
bounding  line  in  this  direction  at  a  distance 


100  -h 


350  ^  lOO 


=  225  ft, 


or  the  rectangular  block  adcF^   Fig,  195.    Calculate  the  oi^ 
reserves,  when  the  other  data  are  the  ?ame  as  before. 

This  latter  raethmi  is  recommended  by  competent  cngineert 
as  the  fairest  and  must  reliable  for  all  jrarties  concerned, 

409,  Fig.  197  shows  a  longitudinal  section,  and  Fig.  1!*8  i 
transvei^se  i^ection  of  a  deposit  mine  with  mill  connections,  th« 
mill  to  be  erected  at  the  point  A.  From  a  oon&ideration  of  tho 
diiigram,  it  is  evident  that  the  most  convenient  method  for  thfl 
tniusportation  of  the  ore  from  the  mine  to  the  mill  would  be  h] 
a  ttumel  driven  intt>  the  maunt^in,  at  the  end  of  which  is  a  bin, 
made  in  the  solid  rock  and  inclined  to  the  tunnel  at  any  confeaieat 
fir^^\e  at  which  ore  will  slide  into  cars;  the  cars  to  be  run  into thB 
tunnel  on  a  track  and  directly  under  iron  doors  which  are  woricrf 
by  nick  and  pinion.  The  bin  is  to  connect  with  the  ore-chamb^ 
by  a  chute  inclined  at  an  angle  of  45%  as  shown  in  the  diagraW' 

Tho  lower  or  mill  tunnel  eliould  have  a  slope  of  2  inches  iu 
10  feet,  so  that  the  loaded  cars  wonld  descend  by  the  force  of 
gravity,  the  last  car  in  a  train  having  a  brake  with  which  to 
regulate  the  speed.  The  cbute  should  be  12  to  15  feet  from  tha 
edge  of  the  tunnel,  to  admit  of  constructing  the  inclined  bin  ftf 
tho  discharge  of  the  ore  into  the  cars.  The  point  in  theory 
chamber,  at  which  it  is  desired  to  sink  the  chute,  and  the  moatk 
of  iho  Inwor  tunnel  being  selected,  drive  a  pej^  to  the  centxepoiiit 
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^^^  tht  fiKipoirf  tnmi  loor  mai  im«  m  bbI  is  tlit  p^ 
^^Pipeftl  tbe  aptffmtmi  «l  the  potBt  «l0e  tke  dinte  ti  to  be 

Nciiir  make  a  cafefol  timiene  bete«a  Uioie  pma$M ;  tlit  direcdai 
at  a  line  wiiidi  viD  m  Crmb  tfe  wwtli  of  the  tondrl  dimstif 
Boder  tbe  point  aakdcd  fiu*  Iks  ehvie  cm  bow  be  fouDd,  if 
explained  in  tbe  aeelmi  (m  liaitaiiafr  and  tbe  ooone  tbat  wtO 
csiT}*  the  tunnel  12  or  15  feet  irom  the  botiooi  of  tbe  chute  miy 
be  detennined.  In  dririiig  the  toBad,  bolea  ahoaM  be  drilled  m 
the  roof  attd  wooden  spods  driTeo  m  on  wliieii  tn  iiaaf  ptamb-bobik 
the  earvpjor  uiiing  great  care  to  hare  the  pbmib-bolii  ra^peodfid 
in  the  proper  course  aa  a  guide  to  tbe  iiuaer&  la  atartbg  tin 
chute,  a  large  wooden  triangle  fibould  be  BMide«  one  of  the  aegki 
of  which  is  the  same  m  the  angle  of  tbe  chnte,  to  be  mL 
by  the  miners  m  a  gnide,  untjl  sufficieiit  depth  10  attained  to 
hari^,  ill  the  proper  line,  plumb-bobsp  the  points  of  wfaidiazemL 
the  required  angle* 


THE    SOLAR    COMPASS. 

itk  9ame  omimoiUt  from  Mei^ra,  W.  and  L.  E,  Gufh'y*»  Mfinual  of  Engi- 
neering und  Sttrveying  In ntrumfu  19,24th  Edition,  JSS.SA 

This  instrument,  BO  ing-ttniously  contrived  for  readily  det^^nnining'  a  true 
Fridiau  or  Dorth  nod  south  Hnr,  was  ioTented  by  WHliam  A*  Burt,  of  MicVi- 
m,  and  pat«?nt<?d  by  him  in  183(J. 

It  ha^  since  come  iolo  general  use  in  the  surveys  of  U.  S,  public  lands, 
i  principal  lines  uf  which  are  required  to  bo  run  witli  reference  to  the  true 
iridian. 

The  armnjrenient  of  its  sockets  and  plates  iSBimilar  to  that  of  the  Survey- 
B*  Transit,  except  that  thi.^  sight  vanea  arc  altachod  to  th<^  under  pbte  or 

b,  and  thiB  revnlven  around  tfie  upper  or  vernier  plat-e  on  which  tho  Bolar 
nvtus  is  placed. 

The  limb  i«  divided  to  half  degroes,  ia  fi^unil  in  two  mwh,  ond  reads  by 
J  two  op|>oi?ite  verniers  to  single  minutes. 

The  Solar  Apparatus. — The  Solar  Apijarutus  is  st^n.  Fig.  1,  in 
S  place  of  the  neiHiie,  and  in  fact  o|>enitc.H  as  ite  fliibslllute  in  the  field- 
It  consists  mainly  of  three  nn^a  of  circles,  by  whicli  nm  be  fie t  off  the  latl- 
Ic  of  a  placo,  the  derlinutirm  of  the  auii,  and  the  honrol  the  day. 

These  arcs,  dei*iguated  in  tlie  cut  by  the  letters  //,  /f,  and  r,  are  therefore 
med  the  latitude,  the  declination,  and  the  hour  arcs  respectively. 

The  L.atitllde  Arc,  «,  has  its  centre  of  raotiou  in  two  pivots,  one  of 
dch  is  leea  at  d,  the  other  is  concealed  in  the  cut. 

Il  f«  mored  either  up  or  di^wn  within  a  hollow  arc,  seen  in  the  rut,  by  a 
igent  screw  al  /.  and  is  merurely  fastened  in  any  position  by  a  clamp  srrtnv. 

Tlie  Latitade  arc  is  fi^Tadntttc-d  to  quarter  degrees,  and  reads  by  its  vernitr. 
to  single  minules  :  it  has  a  nniK^  ^^  about  thirty -five  degrees,  eo  as  to  be 
t^ustable  to  the  latitude  of  any  plnce  lu  the  United  States. 

The  Declination  Arc*  ^.  is  alac>  pradnated  to  quarter  degrees »  and 
8  B  range  of  nbo\ii  twenty-eight  degrees. 

It»  vernier,  t,  read  in  1?  to  single  minutes,  is  fixed  to  a  movable  arm,  Jt,  hav- 

ff  its  centre  of  motion  at  the  imd  of  the  deelination  are  at  g;  the  arm  la 

>v.^  over  the  snrfaei*  of  the  df^clinaiinn  ar<',  anl  its  vernier  set  toany  reftdf«! 

\*r  hy  turning  the  head  of  the  tangent  srr.'W  k.     It  is  also  Becurt3ly  clamped 

any  position  by  a  screw,  concealed  in  the  ongmving. 

Solar  Lenses  and  Lines, — At  each  end  of  the  arm,  ^,  is  a  rectangn- 

block  of  brass,  in  which  is  set  a  small  convex  len^,  havin^f  ita  focup 

I 
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On  the  surface  of  the  pUte  art*  marked  two  Beta  of 
llnee  Intereecting  t^ch.  otter  at  riglit  angles ;  of  thiisc  6  b 
are  termed  the  hour  linpe,  and  <•  c  the  t^quatorlat  Imea,  n» 
Imving  reference  r^epectively  to  the  hour  of  the  day  and 
the  position  of  ihe  sun  in  relation  to  the  eqnntor  fie-  '-e^ 

In  Fig.  1  the  equatorial  lines  are  those  oiv  the  lower  bl«»rk,  parallel  to 
f^urface  uf  the  hour  arc  c  ;  the  hour  linea  are  of  course  those  at  right 
to  the  first. 

Equatorial  Sights.— On  the  t«p  of  each  of  tlje  recLangnlar 
Ifl  seen  a  liLtle  sighting-piece,  termed  the  equatorial  t»'tght,  faaUmed  i 
block  Uy  a  sniall  milled  head  screw,  uo  as  to  be  detached  nt  pleasure. 
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Tbey  are  aBed,  as  will  l>e  ex|jliime<l  hermtiet,  in  adjusting  the  difft^reat 
fLTis  of  tbe  solar  apparatus. 

%e  Hour  Arc»  e.  ia  aii|>ported  by  tlie  two  pivots  of  tli©  latitade  arc 
"•  spoken  of.  aad  ia  also  coonecteJ  with  Ihat  arc  by  a  curved  arm,  cs 
i  In  the  figure. 
The  hour  arc  has  a  range  of  about  120"',  is  divided  to  half  degrees,  and 
'fi^iired  in  two  series  ;  deaignattDg  both  tbe  hours  and  tlio  degrees,  the  middle 
diviaiou  being  marked  12  and  90  on  either  8ide  of  the  graduated  lines. 

The  Polar  A^S. — Through  the  centre  of  thehour  are  pa.*'8^?Bahollow 
ket,  p,  containing  the  j^pindle  of  the  decUnaiion  arc,  by  nieaua  of  which 
kis  arc  can  be  moved  fmm  Aide  to  aide  over  the  surface  of  tlie  hour  arc,  or 

rued  completelj  round,  aa  miiy  be  required. 
The  hour  arc  is  read  by  the  lower  edge  of  the  graduated  side  of  thedccli- 

Ltioa  arr. 
The  axis  of  the  declioiitiou  are,  or  Inderd  the  whole  socket  |),  is  appropri- 

eIj  termed  the  polar  axis. 

The  Adjuster. — ^Beslde^  the  parrs  shown  in  the  cut,  there  is  also  au 
fm  used  in  the  adjustment  of  the  instrument  as  described  hereafter,  but  laid 
ide  in  the  Ijox  when  thiit  i»  efiected. 

The  parts  just  described  cousiitute  profwrly  tho  solar  apparatus. 
Besides  these,  however,  are  seen  the  needle*box,  a^  with  its  arc  and  tan- 
,t  screw,  i,  and  the  spirit  levels,  far  bringing  tbe  whole  iDstrument  to  a 
irizontal  position. 

The  N^eedle-Box,  n,  has  an  arc  of  about  M  in  extent,  divided  to  half 
greeB,  and  figured  from  the  centre  or  zero  mark  on  either  ^ide. 
The  needle  is  raisid  or  lowcn?ti  by  a  k'V«!r  shown  in  tbe  rut. 
The  neodle-box  is  attached  by  a  projecting  arm  U>  a  lant^eut  screw,  f,  hy 
liicb  it  is  move<l  aljN>ut  it.n  centre,  and  its  needl-^  sit^t  to  jiuy  vuriiition, 
.   This  ▼ariation  is  also  retid  off*  by  the  vprnier  on  tlie  end  nf  the  jimji-cthig 
reading  to  tliree minutes  a  graduated  arc,  attached  to  the  ]^luta  of  tbe 

The  Levels  si'en  with  the  solar  apparatus  have  ground  glass  viajs,  and 
pe  adjustable  at  theJr  ends  like  tbusa  of  other  instruments. 
The  edge  of  the  circular  plute  on  wbicli  the  flokr  work  Is  placed,  isdivide  1 
figured  at  intervals  often  degrees,  and  numbered,  as  shown,  from  0  to  90 
each  side  of  the  hue  of  sight 

These  graduations  are  used  in  connection  with  a  little  brass  pin.  seen  in 
tbe  centre  of  the  plai^e,  to  obtain  approximate  bearings  of  lines,  which  are 
not  important  enough  to  requite  a  close  oljservaiion. 

m  Lines  of  Hefiraction  —The  inside  faces  of  the  sights  are  also  gradu- 
ftted  and  figured,  to  indi^mte  tlie  amount  nf  n-fractiun  to  be  allowed  when  tlie 
sun  is  near  the  liorizon.     Tliesi'.  are  not  shown  in  tbe  cut. 

ft   Principles  of  the  Solar  Compass,— The  interval  between  two 

iquatnrinl  lines  e  e,  in  Fig,  2,  as  well  as  between  the  hour  lines  6  b.  is  just 
sufRcient  to  include  the  cirrulur  ima;je  nf  the  sun  as  formed  by  the  9oiar  lens 
m  the  opposite  end  of  i\w  revolving  arm  h.  Fig,  1. 
■    Wbcn,  therefore,  the  iostrimicnt  is  made  perfwAl^  liorviimXa^,  ^s^ 
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liiriAl  lines  &tid  the  opposite  tenses  beitig  Accumt^y  ftdju^sd  to  each 
by  a  previous  o|>enLticm,  aiyl  the  sun's  imag^  brought  witliiu  tht 
lilies,  his  positi  »n  in  llie  hL*aveus,  with  reference  u:>  the  horisuti.  will  beil- 
fiiieti  with  prodsion. 

Supjxjst*  t  liL^  oliservatifiE  to  be  made  at  the  time  of  on*  of  the  fqaiBOM 
the  nrm  ft^  sii  at  zero  on  the  tlei'iiiiatjiin  arc  d«  and  tlio  polar  axiap  i^aod 
eXHL-tly  I  amilcl  to  the  axk  of  tlio  eajth. 

Then  XUp  motion  of  the  arm  A.  if  revolved  on  the  spindle  of  ih^dctliMtwo 
an'  around  the  hour  circle  r,  will  exactly  corppspond  wiili  the  motii^D  of  liie 
sua  in  the  lieaveii^,  on  the  ^ven  day  and  at  the  place  of  ob^'rvatiou  ;  viihit 
if  the  Hun's  image  was  brought  between  the  lines  e  e,  in  ihe  monun|;  tl 
would  continutj  in  tbo  saine  position,  i^assing  neither  alxive  nor  li«'inw  du 
line?,  iLs  the  ann  was  made  to  revolve  iu  imitation  of  the  moUon  at  tin*  lOft 
nl>oiU  the  t^rlb. 

In  tjie  mondnjcf,  as  the  sun  rises  from  the  horizon,  the  arm  h  will  be  f«  t 
positioM  nearly  ut  right  nuffles  to  that  shou  u  in  the*  cut,  the  Jens  l^rio^tunud 
towartls  the  kuii,  and  the  silver  plat o  on  wliich  his  image  is  ihrowit  direcilf 
opposite. 

As  the  sun  as^^ends,  the  arm  must  he  moved  around,  until,  when  he  htl 
reached  the  meridian,  the  graduated  side  of  the  declination  arc  will 
12  on  the  hour  circle,  and  tbe  Rrm  h,  the  declination  arc:  b,  &ud  the  ktitddA 
arc  at  will  be  iu  the  same  pluue. 

Aa  tlie  suii  declines  rr*jro  the  meridian  the  arm  h  must  be  moved  la  tbo 
sam.'  direction,  until  at  gunsct  it^  position  will  be  the  e^act  rvrene  of  liiattl 
occupii'd  in  tbe  morning. 

Allowance  for  Declination.— Let  as  now  suppose  the  olaerfiiAoa 
Tiiadp  when  tbe  ann  baa  passed  the  equmoctial  point,  and  when  his  powtkift 
isntr.-cted  by  declination. 

By  retfTfing  to  the  Abminnc,  and  setting  off  on  the  arc  his  dfdioation  tir 
the  given  day  and  h*iur.  w**  are  still  able  to  determine  his  poeltion  with  th* 
same  certainty  as  if  ho  reniuitii^d  on  the  equator. 

When  tbe  ann'j?  di^cliimtion  is  south,  that  is,  from  the  22d  of 
to  the  20th  of  Marcli  in  each  year,  the  arc  &  is  turned  toward  tht;  plate* oC  tin 
compass,  as  bIiowu  in  the  engraving,  and  the  solar  lens,  o,  with  ihc  fllNf 
plate  op|x>site,  are  made  ubi'  of  in  the  surveys. 

Tbe  remainder  of  the  vear,  the  arc  is  turned  from  tha  plates,  asd  Ai 
other  lens  and  phite  employed. 

When  the  Solar  Comjmss  Ih  accurately  adjusted,  and  its  plates  iiiatl<  J«^ 
fectly  horiwintal,  the  latitude  of  the  place,  and  the  decliuauon  of  th«8VB  •* 
th*?  given  day  and  hour,  beinir  also  set  off  on  the  respective  nrcs,  ihs 
of  (he  ft/fi  efittfu^i  he  hrott^ht  bettff'fn  the  cquatarMl  Un^  until  the  pfilffritD* 
U  phietd  in  the  plane  *'f  th*-  meridian  of  the  fdnre,  or  in  a  p*mti*'n  partMtf 
fhf^  a^M  of  Ih^  earth.  The  sligbtf^t  doviatioii  from  this  position  will  t 
the  imagf*  to  pa»s  above  or  below  (be  lines^  nnd  thus  discover  the  error 

We  thufi,  from  the  position  of  the  sun  in  ibe  solar  system*  obtain  arertiifl 
dirtH'tion  alwolutely  uncbnugeftble,  from  which  t^i  run  our  lines,  and  meWttW 
the  hoHzoutal  iiugles  require  h 

This  fiimple  principle  is  not  ouly  the  basis  of  the  const  ruction  of  ihoSol»^ 
Compawi,  but  tbe  sole  cjiu»e  of  its  superiority  to  the  onlinaiy  or  mago*'^''*' 
strunient      For  iu  a  ne«dlo  iastrumont  the  accuracy  of  the  horizontal  tligl^ 
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iicat«?d.  and  tlieref ore  of  nil  the  observfttjons  tnade,  depends  upon  "  the  deli- 
of  the  Deedlo^  and  th<>  conj^taixcy  with  which  it  afi»umofi  a  certain  direc- 
H,  termed  the  oiagncHic  mendiun."* 

The  principfll  causes  of  ermr  in  the  nHi»dIe,  briefly  stated,  are  the  dallmg 
!0ie  pivijt,  the  ioee  of  polarity  in  ibe  needle,  the  iniueoceof  local  attraction, 
nd  the  effect  of  the  Hun's  ravK,  i>riidiirinjur  the  dmrniil  variation. 
From  all  these  imperfectioDs  tht  Sidar  instrument  is  free. 
The  sights  and  the  graduated  limh  being  adjuared  to  the  solar  apparato^, 
Eld  the  latitude  of  the  place  and  t!*e  dtcli nation  of  the  sun  also  set  ofT  upon 
speetive  arcs,  we  are  able  not  only  to  run  the  true  mendiao,  or  a  duo 
1^  and  west  course,  but  also  to  set  off  the  horixontnl  angles  with  minutouess 
fld  accurary  from  a  direction  which  never  changes,  and  is  unaffected  by  at 
ctinn  of  any  kind 

To  Adjust  the  Solar  CompaSi^.-— Tlie  adjustmnnts  of  this  in^ 
imcDt^  with  which  the  aiirveyor  will  have  to  do,  are  few  in  number,  and 
i  now  be  given  in  order. 

1st.    To  Adjust  the  Levels. — ^Proceed  precisely  as  directed  in  the 
>unt  of  the  other  instruments  described,  by  bringing  the  bubbles  into  the 
atre  of  the  tubes  by  the  leveling  screws  of  the  tri|>tMl,  and  then   reversing 
lie  instrument  u{>on  ita  spindle,  and  mimng  or  lowering  the  ends  c^fthe  tubes 
Btil  the  bubbles  will  remain  in  the  centre  during  a  (Ximplete  revolution  of 
» inBtrutnent. 

2d.  To  Adjust  the  Equatorial  Lines  and  Solar  Lenses  — 

irst  detach  the  arm  h  from  the  di'diniition  arc  by  wiibdmvvin^'  the  sc«'ewa 

pibown  In  the  cut  from  the  ends  of  the  fwj^ts  of  the  tangent-Hcrew  k,  and  also 

he  clamp-screw,  and  the  conical  pivot  with  its  small  ycrevvs  by  which  the  arm 

L  decliniition  arc  are  connected. 

The  arm  h  being  thus  removed,  attach  the  adjuster  in  Its  phico  by  replac^ 

Qg  the  conical  pivot  and  screws?,  tind  insert  the  clamp-acrew  so  as  to  clamp 

;  adj Ulster  at  any  tK)inton  the  declination  arc. 

tKow  level  the  instniment,  place  the  arm  h  on  ttie  adjuster,  with  the  same 
\  resting  a^itiet  the  surface  of  the  declination  ureas  before  it  was  detached. 
Turn  the  instrument  on  its  spindle  bo  as  to  brinjr  the  stilar  lens  to  Ik«  adjusted 
,  the  direction  of  the  sun,  and  raise  or  lower  the  adjuster  on  the  declination 
c^  until  it  can  be  ciamt>ed  in  such  a  position  as  to  brinj?  the  sun's  image  as 
^near  as  may  be  between  the  equatorial  lines  on  the  opposite  silver  plate,  and 
Urmg  the  image  precisely  into  position  by  the  tangent  of  the  latitude  arc  or 
I  ihe  level iog-flcrewB  of  the  tnpod.  Then  earefolly  turn  the  arm  half  way 
liOver,  until  it  rests  upon  the  adjuster  by  the  oppfif^ite  fiices  of  the  rectangular 
lldoeks,  and  again  iibeerve  the  position  of^he  sun*s  imi*ge. 

If  it  remaina  br^tween  the  lines  as  before,  the  lens?  aofi  plate  are  in  adjust 
Iment  ;  if  not,  loi>flon  the  three  screws  wliich  confine  the  plate  to  the  blocks 
and  move  tlie  plate  under  their  lieade^  until  one-half  the  error  in  the  position 
f  of  the  sun's  image  is*  removed. 

Again  bring  the  imac:R  l>etwtM?n  the  lines,  and  refieat  the  n[ieraiion  until  it 
)  will  remain  in  the  same  situation,  in  both  positions  of  the  arm,  when  the  ad- 
Ljufftment  will  be  completed. 

To  a<yuj9t  the  other  lena  and  plate*  reverse  the  arm  end  for  em 
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Juster.  and  proooed  preciBely  ns  in  the  former  cue,  nntil  the  mum  result '» 
attained. 

Intigflitening  the icrew^s  over  the  sUrer  plate,  care  must  be  uken  m  la 
move  the  plati*, 

Tlim  tttljiistnicnt  now  hemg  complete,  the  ttdjuster  shoald  be  Tenmd, 
end  the  arm  h,  witli  its  nttochmeuts,  replaced  as  before. 

ad.  To  Adjust  the  Vernier  of  the  Decimation  Arc.— Hat 

incr  leveled  tlie  iiLstnmiHiit,  and  turned  iis  lens  in  the  direction  of  \lit  laut, 
chini])  to  th*i  tj|iiDdlt\  and  set  the  vernier  t,  of  the  declinadon  arc,  ml  iersbi 
means  ot  thti  tangent  were w  iit  k^  iind  damp  to  trie  are. 

See  ilmt  the  spindle  nioves  easily  and  yet  truly  in  the  socket,  or  poUr 
axis,  and  niiae  or  lower  tlie  latiiud©  arc  by  turning  the  taogent-scfvw/.  uttil 
the  snn'^  iniagft  is  brnii^hr  IxHweeii  tlie  equatorial  lines  on  one  of  the  pk\A 
Clamp  the  Iftiitade  arc  hy  the  screw,  and  bring  the  image  precisely  inio  pott 
tion  by  the  leveliujf-ecrew.H  of  the  tripod  or  eoeket.  and  without  di?mrtiu'^ 
the  inalrumetir.  earefnlly  revolve  the  arm  A,  untii  the  oppoaite  lene  niui  jitiur 
are  bnm^dit  in  l!io  direction  of  the  sun,  and  note  if  the  stua's  ima^  comes  be. 
tween  the  lines  afl  before. 

If  it  does,  ihere  re  tiO  index  error  of  the  declination  arc;  if  not.  Mrtib  the 
tangent-screw  A\  move  the  arm  until  the  sun's  image  ptiBses  over  half  lirt 
error;  ji^in  bring  the  image  between  the  lines,  and  rejn^at  thts  ojieraUoo  U 
befuro,  until  the  image  will  occupy  the  same  position  on  both  the  |jliitc«. 

We  shall  now  find,  however*  that  the  zero  marks  on  the  arc  aCfd  the  TW- 
nier  do  not  corre^ixjud,  and  to  remedy  tiiis  error,  the  little  flat-bead  Fcrrwi 
above  the  v*'rnier  must  be  loosened  until  it  can  be  moved  so  as  to  make  tint 
^Keros  coincide,  when  the  operation  will  be  completed. 

4th.  To  Adjust  the  Solar  Apparatus  to  the  Compass' 

Sights.— 'Ti*irst,  level  the  mstrument,  and  with  the  clajup  and  taagtsl' 
Bcrewa  set  the  main  plate  at  IKJ  by  the  verulers  and  horisontat  limb.  Tlif* 
remove  the  clamp-»erew,  and  raise  the  latitude  arc  until  the  polsr  aiis  »  bf 
esstiraution  very  nearly  horizontal,  and  if  necessary,  tighieo  the  screws  oatiii 
pivoJs  of  the  arc,  so  as  to  retain  it  in  thi*«  position. 

Fix  the  vernier  of  the  decimation  arc  at  zero,  and  direct  the  eqoASalllJ 
Bi^litB  to  some  distant  and  well  marked  object,  and  observe  the  same  ihi 
the  cf^mpaas  sij^hts.  If  the  imme  object  i&  seen  through  both,  and  tlui  ll^ 
nieraread  to  90^  on  the  limb,  the  adjnstment  is  eomplete  ;  if  not,  the 
lion  niimt  be  made  by  moving  the  sights  or  changing  the  poeitioD  of 
verniers. 

It  fihonid  be  rc»marker|  that  as  the  Bolar  work  is  attached  jwrmahtnUf  to 
the  sockets,  and  this  adiustnient  is  made  by  the  maker,  it  will  need  no  ftff^ 
Iher  attention  at  the  bandH  of  the  surveyor  except  In  case  of  sertoa^kaccideata 

The  ot!ier  adjust ments  an^  of  course  ^Iso  made  in  the  proc<!*«  of  fini 
the  inBtrutnent,  and  aie  liable  t4j  very  little  demngOTnent  in  tbo  ordinary 
of  the  Solar  Compass, 

To  Use  the  Solar  Compass.— Before  this  instrument  can  bey 
nt  anv  iriven  plact\  it  la  necessary  to  set  off  ujjon  its  arcs  lw>th  tbei 
**»  ftflln'^ed  liy  its  refractii^n  for  tlie  ^jven  day  and   booTt 
%e  plAce  where  the  observation  is  made. 
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To  Set  Off  the  Declination.— The  declinatioa  of  the  sun,  given 

tbe  ephemeria  of  tW  Nautical  Almurmc  (rmn  year  to  jreiir*  i*  calcul»U^d  for 
nt  RCHHi  ai  tlreenwicb,  En^laud. 

deteniiine  it  for  any  other  hour  at  a  place  in  the  U,  S ,  wfnrence  must 
\,  not  only  to  the  ilifltTen^!!.'  of  tone  arisiDg'  from  the  lougituile^  but  aifio 
la  Ihe  chang*^  of  dt^infitkni  fr-ini  day  to  daj. 

Thetoogitude  of  tha  place,  and  therefor©  its  difference  in  time,  if  not 
^ven  directly  in  the  tabled  of  the  Almanac^  can  be  ascertitJofd  very  nearly 
by  pefercuce  to  tlmt  ol  other  places  given,  which  are  siCuatod  oii,  or  %'ery 
nearly  on,  the  Sflmt*  tneridlau. 

is  the  practice  of  j*urveyor»  In  the  Stntes  east  of  the  Mississippi  to  allow 
'erence  of  k/j  hatirs  for  the  ditfuretice  in  lonjijitude,  calling  the  decHnaLiou 
Ven  in  the  AlnintiRC  for  12  M.,  that  of  G  A.  M.,  at  the  place  of  obsi^rvation. 

Beyond  the  meridian  of  Santa  Fe*  the  allowance  wonld  he  about  §evfn 
houm,  iind  in  California,  Oregon,  and  Waf^hingtcm  Territory  al»outm//r/  hourw. 

Having  thug  the  difference  of  time,  we  verj"  readily  obtain  the  dei^linution 
for  a  certain  hour  in  tbe  nioramg.  which  would  l>e  earlier  or  later  as  tlie  hm- 
^tiide  waa  greater  or  hm^  and  the  same  as  that  of  apimrent  ncwm  at  Gri'en- 
Wich  on  the  givL'n  day.  Thus,  suppose  the  observation  made  at  a  ptacf,  say, 
flre  hours  later  than  (I rcen wick,  then  the  declination  giv(^n  in  the  Ahnauoo 
tor  tbe  given  day  at  noon,  atfl-cted  by  the  refraction,  woidd  be  the  deelinaiion 
at  tbe  [dace  of  nbservaiion  for  7  o'clock  A.  M*  ;  this  gives  a»  the  atartiup- 
point. 

To  obtain  the  declination  for  tbe  other  houra  of  the  day,  take  from  the 
Almanac  tbe  declination  for  apparent  ntxm  of  the  given  dny,  and,  as  the  dec- 
lination ifi  increafling  or  drH!rca»ing,  add  to  or  subtract  from  the  di^elinatiim  of 
the  first  hour  the  difference  for  one  hour  as  given  in  the  ephemeris,  which 
*ri!l  give,  when  affected  by  the  refraciionj  the  declinathni  for  the  eucceeding" 
hour  ;  and  proceed  thus  in  making  n  table  of  tbe  declination  fur  every  hour 
of  the  day. 

To  Set  Off  the  Latitude. — Find  the  declination  of  the  Bun  for  the 
given  day  at  nrion,  at  the  place  of  ol>pep.'ntion  as  just  described,  oind  witli  the 
tangrc'nt^crew  sc-t  it  off  upon  the  declination  arc,  and  clamp  tlie  arm  firmly  to 
the  arc. 

Observe  in  the  Almanai!  the  equation  of  time  for  the  given  day,  ia  order  to 
know  about  the  time  the  »«n  will  rearb  the  meridian. 

Then,  about  fifteen  or  twenty  minutcfi  before  this  time.  Bet  up  tbe  in«tru- 
ment,  level  it  carefully,  fix  the  divifled  surface  of  the  declination  arc  at  12  on 
the  hour  circle,  an^i  turn  the  instrument  upon  its  spindle  until  tbe  solar  lens 
ia  bnm^hi  into  the  direction  of  the  eiin. 

Looaen  the  dnnipscreiv  of  the  latitude  arc,  and  with  the  tnngent-Bcrew 
faiae  or  lower  this  arc  until  tlie  inm*,n;  of  the  stin  is  brought  precisely  between 
the  equatorial  lim.^,  and  turn  the  inslrninent  from  time  to  time  mo  aa  to  keep 
the  Ima^e  also  betwiM-n  tlie  hour  lines  on  the  [date. 

As  the  sun  ascends,  its  image  will  move  below  the  lines*,  and  the  arc  must 
be  moved  to  follow  It.  Continue  thus,  keeping  it  between  tbe  two  ects  of 
lines  until  its  imtige  begins  to  pass  above  the  equatorial  lines,  which  is  also 
the  moment  of  its  paBsing  the  meridian. 

Now  read  ofiF  the  vernier  of  the  arc.  and  we  Imve  the  latitude 
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^m      lialf  an  hour  of  the  hortsccin,  nor  nt  noon,  for  about  the  pame  interval,  before 

H      and  after  it  passes  tlie  meridjaiu 

1            Allowance  for  Refractioa.-^Tbe  proper  allowimce  to  he  made  fur 

H      refraction  in  setting  off  tho  d^di  nation  of  th(>  sun  upon  the  Solar  C\im pate  bag 

^m      lonjf  lieeo  a  scnirct-of  prTpl»>xitjto  the  suirejor;  we  havt*,  accordingly,  given 

H      the  subject  a  gwd  deal  of  attention,  and  here  publish  a  table,  by  which  tli^ 

■      amount  of  refraction  for  an  j  hour  of  any  day  of  tlie  year  can  be  ascertained, 

and  ijet  off  with  a  degree  of  accuracy  which  ia  all  that  can  be  dedred. 

^-                                   A  TABLE  OF  MEAK   REFBACTIONS  IN  DECIJ^NATIOX, 

^P          To  apply  on  the  declination  arc  of  Solar  Attachment  of  mtber  Compaa^ws      , 

B     or  Tranaiti^.                                                                                                                  M 

I            Computed  by  Epward  W.  AjiM8,  C.  E.,  for  VV.  &  L.  E.  GUBI.KY,  Tjot.  | 
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Tiiii*  allowance  is  of  conKtaru  usp  where  tlic  survoj-nr  taila  to  gvt  an  oliser- 
iTAtion  un  thtjsuB  at  noon,  und  m  a  very  cIohp  approxhouiion  to  the  trutb. 

In  miiDiiig  line  east  and  we«t,  as  in  tracing?  theatuutiariJ  fmralluls  of  kti- 
lude,  the  siglits  are  set  at  90  on  the  limb,  and  the  line  m  ran  at  right  angles  to 
the  meridian. 

irnoalluwance  were  made  for  the  earthV  cun*atuiT'.  these  lines  would,  if 
BufBcientlj  pitwloced^  re^ich  the  eqoat^r,  to  which  they  are  constantly  (tending. 

Ofcour&t\  in  running  short  linen  either  enst  *>r  west,  the  vwrlation  from 
thu  parallel  would  l>e  so  email  a^  to  be  of  no  )jnictical  iiot»ortanft» ;  Lut  whi^ri 
long  sights  are  tak*'n,  tlie  rorrt'ction  i^houhl  Ik;  made  by  taking  fore  and  back 
aighta  at  every  station,  nfiticing  the  errtjr  on  the  ijaick  eij^ht,  and  s**lting  off 
oH<^-balf  of  It  on  the  fore  sight  on  the  side  towarda  the  pole. 

[  Time  of  Day  by  the  Suu.-^'riit*  time  of  day  i»  be,'!*t  ascertidnetl  by 
the  Solar  Com|mi*H  wtieii  the  sun  is  on  the  n>eridian.  aw  at  the  time  nf  making 
the  observation  for  latitude. 

The  time  thus  given  \h  that  of  appiin'nt  iifion,  and  can  he  rtnlured  to  mean 
lime  iiy  merely  applying  the  et|ntition  of  time  as  directed  in  the  ATnianac,  and 
adding  or  Bobtracting  as  the  mm  m  slow  or  fii»t. 

The  time,  of  course,  cnn  also  be  taken  before  or  after  noon,  hy  hrlQgiDg 
the  8im*8  Image  between  thi*  hour  hues,  and  noticing  the  position  of  the 
divided  edgp  of  the  revolving  arm,  with  reference  Xi^  tlie  grcduationB  of  the 
hour  cireli".  nlhiwinf,^  four  minutes  of  time  for  each  degree  of  tbeare^  and  thus 
obtaining  apparent  tjme.  whkh  must  be  corrected  by  the  etiuution  of  time  ua 

LJuat  decrihtid. 

Caution  as  to  the  False  Image.— in  using  the  cumpii8au|»on  the 

I  lun,  tf  the  revolving  urni  l>e  turned  a  little  one  Hide  of  its  prriju-r  pt/sitkm.  a 
fiiiae  or  reflectefl  imaice  of  tlie  sun  will  apfiear  on  the  tiitver  plate  in  m-arly 
ttie  same  jdiu^e  a^^  that  ocjcupie*!  by  the  true  one.  It  is  caused  by  Jhe  reflec- 
I  lion  oftlie  true  imag<^  frum  the  s^urface  of  the  arm,  and  ia  a  fruitful  »»iirce 
[of  error  til  the  inex|M^tieuced  Bur^'eyor.  It  can,  however^  be  reitdily  ditttin- 
fgniahei^  f^>m  the  real  image  by  being  much  less  bright,  and  not  so  clearly 
[  defined. 

Approximate  Bearings.— \Vhen  tlie  bearings  of  lines,  auch  as  the 
^nrse  of  a  stream,  or  the  iKSundurie?  of  a  forest,  are  not  desired  with  the  cer- 
|SatDty  given  by  the  verniers  and  horixrmtal  limb,  a  rougli  approximation  of 
he  angle  ihey  make  with  ihe  true  meridian  is  ohtaioed  by  the  divisions  on 
the  ootaideof  the  circular  plate, 

In  this  oi>e ration,  a  i»encil.  or  thin  Ptraidht  edg©  of  any  sort,  is  held  |ier- 
jpendicularly  against  the  eircular  edffe  of  tho  plate,  and  moved  around  until  it 
|1b  in  range  with  the  eye»  the  brasH  c©ntre-pin,  and  the  object  observed . 

Tho  httaring  of  the  Mne  is  then  read  off  at  the  point  wliere  the  pencil  is 

Time  for  Using  the  Solar  Compass-— The  SniarCompflss, like 

the  ordinary  instrument,  can  W  usi-d  lit  all  seasont^  of  the  yeur,  the  most  favor- 
ible  time  l)eing,  of  course,  in  t!ie  summer,  when  the  declination  la  north,  and 
fcie  days  are  long,  and  more  generally  fair. 

It  is  best  not  to  take  the  sun  ut  morning  ami  cveum^,  vtVv^xi W Na  \n\<\v\tv 


I 
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half  an  hour  of  the  horisson,  nor  at  nooo,  for  about  the  i 
and  after  it  pasees  the  meridiaD. 

Allowance  for  Refraction.— Tbe  proper  allowance  to  be 

r^fnii*tinii  ill  setting  off  the  dcKilinali'm  f»f  tht*  aun  ujkjd  the  Solar  Gitn 
lnii*jr  Ih^i^h  a  souTC<iof  ptrpU^xity  t^»  the  surveyor;  we  have,  aerordingljr, 
till*  flubject  a  good  deiil  <*f  uttentioii,  and  hert?  publish  a  table.  bvwU] 
amount  of  refraction  for  any  hour  of  any  day  of  the  year  can  be  afieeniloitf, 
and  aet  ofi*  with  a  degree  of  accuracy  ^vhtcli  is  all  that  can  be  deared. 

A  TABLE  OP  MEAN  KKFRACTIOKS  IK  OKCLIKATION. 

To  apply  on  Ihc^  declination  arr  of  Solar  Attnchtnertt  of  edther 
or  T  ran  Bits. 

Computed  by  Edward  W.  Arhs,  C.  E.,  for  W  &  U  EL  Qurlet.  Troy, 


^ 


Oh, 

2 

8 

4 

6 


DBCLI  NATIONS. 


Foe  Latitcde  30 


+  20^= 

+  15^ 

+  10** 

+  0" 

0° 

—  5° 
40' 

-10^ 

-15^ 

10^' 

15" 

31" 

27" 

S3" 

48" 

57" 

14 

lU 

35 

3t 

88 

M 

54 

105 

20 

S6 

m 

80 

47 

55 

vm 

!19 

82 

39 

40 

52 

roe 

1'I9 

135 

1  ,77 

roo 

110 

vu 

vm 

2  07 

2  44 

340 

54»    . 

--Hf 


iir 

1 16 
198 

13  M 


Fob  Latitude  32 

■  80'. 

Oh. 

18" 

18' 

34" 

80^' 

38" 

44" 

52'* 

IW 

2 

17 

22 

28 

85 

42 

CO 

100 

111 

SS 

23 

29 

85 

48 

51 

roi 

1  13 

128 

4 

8S 

43 

51 

roi 

1'13 

127 

1  40 

2  13 

5 

ro8 

115 

I'Sl 

153 

220 

805 

425 

736 

Its 
iir 
til 


For  LATmniB 


Oh. 

15'^ 

21" 

27" 

2 

20 

25 

32 

3 

20 

83 

m 

4 

30 

47 

50 

5 

107 

1'20 

1-38    1 

38 

47 
107 
200 


40" 
43 

56 

2U 


48" 
55 

107 

1  m 
;j29 


57" 
1  05 
121 
150 
5  14 


1  1- 

1  :m 

232 

10  16 


3SI 


For  Latitude  87'  80'. 


1      18" 

24" 

80" 

36" 

44 

52" 

1'02" 

1'14'* 

1      22 

28 

:i5 

42 

50 

100 

112 

1  20 

29 

fie 

43 

63 

ro2 

1  14 

129 

1  49 

43 

51 

roi 

113 

127 

149 

2  14 

254 

Ml 

im 

154 

2  10 

249 

3  55 

6  15 

14  58 

IPP. 

A.] 

■ 

THE  SOLAS   COMPASS, 

11 

5 

DECLINATIONS. 

For  Latitubk  40*. 

« 

+  20" 

-flS^ 

+  10" 

+  6"      0^ 

-5'-^ 

-10^ 

-15= 

—20 

Ob, 

2r' 

27" 

38'' 

40" 

48"        57" 

roe" 

r2i" 

l^SS" 

8 

25 

83 

m 

48 

52        108 

1 10 

1  35 

167 

S 

88 

40 

48 

57 

ro8 

1  21 

1  38 

202 

2  80 

4 

47 

55 

1  00 

no 

1  80 

158 

2m 

3  21 

4  59 

6 

ri5 

l'3l 

151 

220 

8  05 

4  25 

734 

2518 

For  Latituuk  42"  30'. 

Ob. 

w 

SO'' 

86" 

44" 

52" 

102' 

1'14" 

r29'' 

149' 

S 

2d 

85 

88 

50 

roo 

112 

126 

M6 

211 

8 

m 

48 

63 

102    , 

1  13 

120 

149 

217 

2  59 

4 

50 

roo 

I'll 

120 

144 

2  10 

240 

8  55 

eiG 

6 

ne 

180 

168 

280 

8  22 

6  00 

924 

For  Ijatitvdk  48". 

Ob. 

37" 

88^' 

40' 

4S" 

57" 

ro8" 

l'2r' 

1'39" 

2'02" 

( 

2 

S2 

89 

40 

52 

1  06 

1 10 

1  85 

157 

2  2E» 

i 

8 

40 

47 

68 

107 

1  21 

138 

2  00 

2U 

3  29 

4 

54 

104 

ri8 

im 

1  54 

324 

8  11 

4  38 

8  15 

. 

8 

laa 

141 

2  05 

2  41 

8  40 

5  40 

12  02 

1 

For  Latitudb  47°  SO'. 

Hb. 

80^ 

m" 

44 '        52" 

ro2" 

114' 

1-29" 

r49" 

a'le" 

8 

85 

42 

50    ,  1'0'J 

1  12 

1  20 

1  4.7 

2  m 

2  51 

t 

48 

61 

1 01      1  m 

1  m 

147 

2  15 

2  m 

4  08 

4 

58 

100 

1  28       1  40 

2  a'5 

2  40 

:iJ{0 

5  37 

11  18 

5 

1'27 

1  4Q 

2  12       2  52 

401 

oao 

10  10 

i 

Fob  Latitude  50'. 

Oh. 

83"  i 

40" 

48" 

57' 

rm' 

1'21" 

1'89" 

2'02" 

2'86'' 

8 

88 

48 

55 

ro6 

1  18 

lai 

157 

228 

8  19 

8 

47 

56 

roe 

119 

1  86 

2  29 

2  81 

828 

502 

4 

102 

144 

129 

148 

2  16 

258 

4  18 

8  59 

19  47 

iS    1 

130 

151 

2  10 

804 

4  23 

728 

3410 

For  Latitcds  62'  8^. 

;  Oh. 

W 

44/r 

62" 

l'(B" 

I'U" 

1'29" 

1^49" 

218" 

305" 

8 

48 

50 

50 

111     " 

1  26 

142 

22:) 

249 

3  55 

A 

8 

50  i 

roo 

I'll 

126 

1  45 

211 

2  51 

2  58 

6  22 

i 

4 

ro5 

1  m 

1S5 

2  10 

228 

8  10 

453 

842 

i 

1   6 

1  34 

1  56 

2  27 

3  10 

4  47 

8  52 

J 

i 

1 

14 


£L£M£KTS  OF  8UEVEYING. 


[JIPP. 


» 


It  Has  also  a  damp- screw  inserted  ne&r  its  centre,  hj  which  it  caa  be  ^  ' 
fast  to  the  telescope  axis  in  any  desired  position. 

Tlie  vernier  of  the  vertical  limb  is  made  movable  bj  tbe  taDgent-ecrcw 
attachefl,  so  tliat  its  tera  &)id  tliat  of  the  limb  ari^  rt^dlty  made  lo  coincide 
when,  in  adjusting  the  limb  to  ihe  level  of  the  telescope,  ibc  arc  is  clatDped 
to  the  axis. 

llie  QBual  tting^nt  movement  to  the  telescope  axis  serves,  of  course,  w 
bring  the  vertical  hmh  to  the  proper  elevation,  as  her<tafter  descrilx^d. 

A  level  on  the  under  side  uf  the  telescope,  with  ground  vial  and  scsale,  a 
]ndis|>6nsable  in  the  use  of  the  Solar  attacliment. 

To  Find  the  Latitude. -i^lrst  level  the  irtstrumeiit  very  carcfullj 
usinjf  the  level  of  ttie  telescope  until  the  bubble  will  remain  in  ihe  centre 
(ItiriDg^a  complete  revolution  of  the  instrument,  the  tang^etjt  movement  of  tbe 
telescope  being  used  in  connection  witli  tlie  leveling  screws  of  the  parallel 
plates,  and  the  axis  of  the  telescope  Tirmly  ckraped. 

Next  clamp  tiie  vertical  arc  so  that  its  zero  and  that  of  its  vernier  coincide 
as  near  as  may  be,  and  then  brings  them  into  exact  line  by  the  tangent-screw 
of  the  vernier. 

Then,  having^  the  declination  of  the  sun  for  12  o'clock  of  the  given  day  li 
alTected  by  the  meridional  refraction  carefully  set  off  upon  the  declination  arc, 
not©  also  the  equation  of  time  and  fifteen  or  twenty  minutes  before  noon,  the 
lele»co[»e  bein^  directed  to  the  north,  and  the  ohject  end  lowered  until,  by 
raovin^j  the  instrnment  upon  its  spindle  and  the  declination  arc  from  side  to 
bide,  tile  sun^s  iraajfe  is  brought  nearly  into  position  between  the  equatorial 
lines.  Now  bring  the  declination  arc  directly  in  line  with  the  telesoope. 
clamp  the  axis  firmly,  and  with  the  tauf^nt  screw  bring  the  image  precisely 
betwci'O  tbe  lines  and  keep  it  there  vrith  the  tangent  screw,  raising  it  as  long 
as  it  runs  iiolow  the  lower  equatorial  line,  or,  In  other  words,  as  long  aa  tbe 
sun  continues  to  rise  in  the  heavens. 

When  the  sun  reaches  the  meridian  the  image  will  remain  stationary  for 
an  instant  and  then  begin  to  rise  on  the  plate. 

The  moment  the  image  ceases  to  run  below  is  of  course  apparent  noon, 
when  the  index  of  the  hour  arc  should  indicateXIl.,  and  the  Utitudo  be  deter- 
mined by  the  reading  of  the  vertical  arc. 

It  muRt  be  remembered,  however,  that  the  angle  through  which  thepolif 
axis  has  moved  in  the  operation  just  desciilted  is  measured  from  the  xeuith 
implead  of  the  hori^^on  as  in  the  ordinary  solar,  bo  that  the  angle  rend  on  itte 
vertical  limb  is  the  complement  of  the  latitude. 

The  latitude  itself  is  readily  found  by  Bubtracting  this  angle  from  90*; 
thus  at  Troy,  the  reading  of  tbe  limb  being  found  as  aboro  directed  lo  hi 
47^  W,  the  latitude  will  be  00^-47=  16' =42^  44'. 

It  witl  be  noticed  that  with  thi.H  apparatus  the  latitude  of  any  place  a 
be  most  easily  as'iertained  without  nny  index  error,  as  in  the  usual  aolar 
oompasa. 

To  nm  lines  with  the  Solar  Attachment — Havliig  wh  off 

thecoiijplement  of  the  latitndo  of  the  place  on  the  vertical  arc,  and  the  decU' 
nation  for  the  given  doy  aud  hour  as  in  the  solar,  the  instrument  being  sl«> 
carefully  leveled  by  the  te\eacov^\i\i\Mft,^BA^2tife\iai\aft\wtaA  limb  at  ecro  ai 


clftmp  tlie  platee  togtsthev,  looaen  tho  lower  clamp  eo  tbat  the  trnDsit  tnov 
eftfillv  upon  its  lower  eockct,  sot  tlic  mstrtimenl  approtimattily  north  and 
eoQib,  the  object  end  of  tlio  t^lctscope  poiuting  to  the  north,  luru  ibe  jiroper 
Bokr  lens  to  tlie  aQu.  and  with  one  hand  nti  the  p1at<?«  and  the  other  on  the 
revdving  arm,  move  ihem  from  wldL*  tf>  side  untU  lh«  stin's  image  k  brought 
between  the  equatorial  linei)  on  the  silver  plate. 

Tb<5  lower  clatop  of  tho  instruanent  should  now  be  fastened,  and  an?  fur- 
ther lateral  movement  be  made  by  thi5  tangent  screw  of  the  tripod.  The 
neceaarj  allowance  l^ing  mad»i  for  refraction,  the  telescope  will  Im»  in  the 
tnie  meridian,  and  hcing^  uiielam|jed,  may  be  used  lilie  the  sights  of  tiie  crrdi- 
nary  sobir  compass,  Imt  with  far  greater  accuracy  und  satisfactkm  in  estah- 
lishin^r  meridian  lines.  Of  course  when  the  up[)cT  or  vernier  plate  ia  un- 
damped from  the  limh^  any  angle  read  by  the  verniers  is  an  angle  from 
the  meridian,  and  thus  parallels  of  latitude  or  any  other  angles  from  the  true 
meridian  may  be  established  as  with  the  solar  compn^. 

The  bearing  of  the  nee^le»  when  the  telescope  is  on  the  meridian,  will  alao 
give  the  variation  of  the  needle  at  the  ixjint  of  observation. 

If  the  Instrument  has  a  movable  compass  circle,  tho  variation  of  the 
needle  can  be  set  off  to  single  minutes,  the  needle  kept  ai  zero^  or  *'  with  the 
fan/'  and  tbos  lines  be  run  by  the  ueodle  alone  when  the  sun  is  obscured. 


is  : — If  1^  r&7  of  lif^ht  eufiers 
two  succseasive  r^Hectioim  in 
the  Bame  pliine  by  two  piano 
mirrorp,  the  Mtgh  beiweefi 
the  first  and  Im^t  direct iona 
of  the  raj  is  twice  tb©  angle 
of  the  mlrrore. 

Let  /  and  J7  be  two 
plane  mirrors)  perprniiicalar 
to  the  plane  of  thu  pa|>er,^ — 
which  ifl  taken  as  the  plane 
of  reflection, 

A  ray  of  light  from  -^4  ia 
reflected,  lirst  from  the  mir- 
ror J  in  the  direction  UOt 
then  by  the  mirror  H  abng 
OT.  The  angle  between 
the  first  and  last  directioa 
of  tlie  ray  after  these  two 
reflections  is  A  TO. 

Draw  CS  and  OM  nor- 
mal to  the  mirrors  /  and  // 
respecHvcly.  Then  NKO 
equals  the  angle  of  the  mirrors. 

From  the  law  of  the  reflection  of  light  it  is  known  that  the  tng1« 

A  UN  or  *  =^  angle  NCO  ; 
And  ako.  GOMoT  i'  ^  MOT. 

•  For  i  Ml  dencTlfitiofi  of  thlf  Initronient,  «ee  Chiuvcoct's  Spherical  uid  Practkil 
Aelmaomy,  publinbed  by  Ltpptocott  in  1S6a. 
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THE   SEXTANT. 

oe  angle 

A10^2i-2i'; 

angle 

KKO  -     I  -  1 '  , 

m     •     • 

ATO  =  2NK0, 

<),  B.    D. 

dfipose  now  that  thf  gliiHS  //"is  unsilvered  on  the  opp^T  half ;  then  a  raj 
I  of  light  coming  from  B  will  paBS  through  this  iinsiSvtTed  jxirtion  to  T,  and 
ithe  angle  A  TO  will  meaaure  the  lingular  distance  ttf-l  from  ^  ii&  scfii  at  7' 
To  apply  this  prhiriple  the  mirror  /»  revolviug  alxjut  a  pivot  at  (',  haa  iit^ 
,  to  it  an  anil  or  har  LD^  which,  as  the  mirror  is  ttim*^d,  moves  over  a 
iimted  arc  ER.  The  mirror  H  ib  fixed  in  position.  There  will  be  one 
iitio*ii  of  the  hidex  arm  where  the  two  mirroni  will  be  paralleL  Then  since 
be  angle  between  the  hrat  and  last  tlirtjctioas  of  the  ray  of  light  which  is 
Kfiected  by  both  mirrors  is  zero,  or  the  two  dir<?ctioQft  are  parallel,  the  incii- 
.  Gated  point  of  the  graduated  arc  U  marked  zero.  The  graduation*  arr*  then 
Icontmued  to  the  left,  calling  each  decree  two  degrees,  in  order  to  read  off'  at 
looce  the  required  angle. 

The  best  form  of  the  omraou  sextant  ia  aeen  in  the  accompnoykg  cut, 
IfUrniaUed  by  Messrs,  Stack  pole  k  Brother,  X.  Y»  ; 

The  frame  is  of  braaa  • 
onstructed  bo  as  to  com- 
bine strength  with   Ufcht- 
the  graduated  arc« 
tinlatd  in  the  brass,  is  usn 
illy  of  silver.     The  divi- 
yilona  of  the  arc  are  ordi 
drily  W  each,  which  lire 
iabdiTidetl  by  the  vernier 
►  10".     Theliamlle  A   by 
rhich  it  is  held  jn  the  hand 
I  of  wood. 
The  mirrors  /  and   H 
I  of  plate  glass  Hilv<'red. 
The  upp?r  half  of  th^  gla»i 
'  is  left  iin«?iilvti:red  in  or 
fler    that   the   direct    mya 
rira  a  distant  ohJLM!t  moy  not  be  interrupted.     To  give  greater  distinct neB3 
|to  the  images  a  pniall  teh'srof>e  T  \a  plared  in  tlie  line  of  sight  OT.     Tho 
telescope  is  aupporteJ  in  a  rinp-  Z),  which  can  hv  mrtvt^d   in  a  direction  at 
bt  angles  to  tho  plane  of  the  s  extant.     Thus  the  axit*  of  tlie  teWenpe  can 
r direct^  either  towards  the  Bilvered  or  the  unsilvered  fmrt  of  the  mirror. 
his  motion   changes  the    plane    of    reflection,    which,    howevi-r,    remains 
Jways  parallel  to  the  plane  of  the  sextant :  the  use  of  tln^  mcition   i)eing 
Imerely  to  regulate  the  relative  brightness  of  the  direct  and  reflerted  images. 
iThe  vernier  in  read  with  rhe  aid  of  a  glnsis  G  whkli  is  attached  to  the  index 
|Tjar.     The  central  mirror  /,  ntindt'T  ghtM.ln  fastened  in  a  hraBS  fmmo  which 
I  firmly  attached  to  tlie  index  bar  by  thn*e  screws.     This  glui^a  is  genemlly 
I  Bet  by  the  maker  so  as  to  In-  perpendicular  to  the  lysine  of  the  sfstnnt.     There 
no  a«iju Sting  screws  usually  con iietted  with   it.     The  fixed  mirror  H, 
pjbMi  (so  called  IwcnusL^  thrrjogh  it  tiie  honxOTi  \a  t^b^rfM  \\\  V\jk\t 
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ELBXENTS  OF  SURVETIXG* 

iiliitadeflX  ^^  specinlly  provided  with  screws  bj  wlikh  itt  pontktt  viih  reipeel 
to  the  aextant  piano  may  be  rectified. 

At  P  and  Q  are  colored  glasses  of  diflbrent  riiadfrn,  wMcli  mij  be  mat 
Bepamteljr  or  in  combliuiUnu,  to  defend  the  eje  from  the  intense  U|^t  of  the 

Bim, 

Common  A^ustments  of  Ordmaiy  Sextant 

A  Tke  lnd£i  GIom  mutt  be  perpendicular  to  the  plane  ef  the  «r/fnnl. 
f .   The  Uotiton  Ql<m  mttM  ahft  be  perpendkular  U>  the  plane  cfth  tatasL 

3,  The  eerUral  eight  line  of  the  telescope  muet  be  parallel  t»  the  |»b»w  ^  tk 
mrtanL 

4.  The  true  zero  of  iJn  arc  miat  be  found, 

1.  Adjustment  of  the  Index  Glass. —  Bring  the  vpmierto 

about  the  middle  of  the  graduated  arc  :  then*  placing  the  eye  a  little  abon 
the  plane  of  the  sextant  uti  J  nuar  the  index  glass,  examine  the  direct  aod 
flettod  iniageH  *>f  the  graduated  arc     If  the  one  appears  to  run  into  the 
the  index  glass  is  perpendtcalar  to  the  plane  of  the  dextant,  and  the 
me  III  ia  cumpletc- 

If  tho  refli3cted  imngn  appears  too  high  or  too  low  the  glaos  lefens  foi 
or  backward.  The  0aGs  may  then  be  adjusted  to  perpcodicalarity  fay  plAriui; 
i\  piec«;  of  pnper  tinder  one  edge  of  the  plate  by  which  the  glaaa  li  bridia 
the  index  nnii,  first  loosening  the  screws  ;  or  the  glass  may  be  takro  ool  o( 
the  frame,  and  the  Bupporta  against  which  the  glass  leans  may  be  61ed«>ii 
to  bring  iho  gkflS,  when  Bet  bade,  perpendicularly  to  the  plane  of  the  eettiaL 

2.  Adjustment  of  the  Horizon  Glass —This  glaa  moat  ilm 
b*^  perpendicular  to  the  plane  of  the  sextant.  The  index  glass  ha^ng  beea 
adjostcd  10  perpendicularity,  if  it  is  found  that  in  any  one  fiosition  thehori- 
/on  ghisa  is  pnrallel  to  the?  index  glofifi^  then  the  horizon  ghias  la  perpewyctilfer 
to  the  |ihme  of  the  eextaiit. 

In  order  to  test  thia  panillelii?ni.  pnt  in  the  telescope  and  direct  it  toiitir 
or  any  distant,  well-defined  terrestrial  object.  Move  the  index  bar  until  the 
dirtH?t  and  rt'tlflcted  images  arc  in  t!iu  field  of  viexv,  then  riamp  the  rerwcr, 
and  by  moving  t!ie  taugent  screw  cause  one  image  to  pass  the  other ;  Ulhef 
pasa  exactly  one  i^ver  the  other  the  adjustment  is  complete  ;  if  they  p«»  oOi 
at  the  side  of  the  other,  the  lioKzon  glaas  mu^  bo  adjusted.  There  are  id> 
justing  srrt»ws  attached  to  the  jilfiss  whereby  it  can  be  inclined  t^»  or  from  the 
aextant  plants,  and  ul«o  turned  around  an  axis  perpendicular  to  the  se-xtanl 
plana  By  mrans  of  the  first  8et  of  screws  the  adjustment  for  perpviuDfti 
larity  can  he  made,  und  hy  meaufi  of  the  second  set  the  position  of  the  rrrini 
the  limb  can  be  altorod  to  a  small  extent. 

3.  Adjustment  of  the  Telescope.^The  siffht  line  of  tne  icj«- 
scoptj  ia  I  lie  line  from  the  centre  of  the  field  of  view  through  the  centre  of  tbe 
object  glass.  This  Hue  must  bt3  parallel  to  the  phme  of  the  aextant  In 
order  to  ti?«it  for  ihis»  choose  two  distant  uhject.*?  like  the  sun  and  moon*  W  to 
120"  ft  part ;  direct  the  t(/k\sco[w  to  one  of  these  object-^,  holding  the  plane  «C 
the  eextant  m)  as  to  pass  through  biith  ;  then  moving  the  index  bar,  biinf 
thtf  aeeond  object  into  the  Oeld  of  view ;  clamp  the  vernier,  turn  the 
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ew  tmtll   the  two  objecta  &re  tangent   to  each  other  on  tlie  thrend  of 

rteleeoope  oear«i3t  to  ibo  mairoment.    Tlien  hy  moving"  thp  iDstrumeut, 

I  tbe  objecU  Uj  come  on  tbo  tkrt.'ad  farthest  from  the  ioBtrumcnt.     If  this 

Bgency  ia  still  perfect,  the  adjustioeut  is  compltste.     If  the  objects  Beparate 

I  the  ibreatl   farthest  from  the  huitniment.  tht  n  the  object  end  of  the 

telescope  dtiH^pd  towards  the  plaii<J  of  the  iimtrument  :  if  the  images  overlap, 

■then  the  telescope  ItudiDea  upwurd  from  the  plane  of  the  ioBlrument.     Tlio 

fcdjustttjent  13  miMie  bj  means  of  the  screws  ihat  work  into  the  cfillar  which 

Bgaxries  the  teleacope. 

■      4,    Index  Correction — When  the  two  gla,«>i8ps  are  parallel  the  i^ero 

of  the  (graduated  iimb  sbouUl  coincide  with  the   aero  of  the   vernier.     This 

-•djusttnent  must  be  very  car*=»fully  lot^ked  niter  belbrc  taking  any  obser^  a- 

tions,  because  it  is  an  atljusim.^it  that  la  liable  tochang*.     Rather  than  make 

ia  adjnbtmont  accvirntely  every  time  an  obt^Tvaitou  ia  made  it  ia  prc»fer- 

ible  todetenuine  the  place  of  the  true  zero  of  the  graduated  arc  and  nllow 

ft  the  correction.    Ilii3  correction  is  simply  the  diHtauce  between  the  gradn- 

lied  2en>  of  the  inatrumeut  and  the  reading  of  the  vernier  when    the  two 

irrors  are  paralleK     Thia  corrt^'lion  is  minufi  when  it  ih  t>n  the  graduated 

towards  the  increa&inij  numbers  of  the  gralualiou,  and  plaw  when  on  the 

l^poeit*-'  aide. 

The  index  correction  may  be  determined  by  obftervations  upon  a  star,  or  n 
i8tAnt»  well -definwl,  terrestrial  objt?ct,  or  upon  the  sun. 

First,  by  a  star  :  Dire<:t  the  telescope  to  a  star  of  the  third  or  fourth  mag- 
itude  ;  move  the  index  bar  unlil  the  reflt^tefl  iniui^e  of  thi«  star  cofiies  into 
le  field  of  view;  tlien  clamp  the  vernier;  turn  the  tnngent  screw  until  tho 
iroet  and  refiectcil  images  nf  the  star  are  exactly  in  coincidence  ;  take  the 
Bttding  of  the  vernier ;  a]>ply  the  proper  sign,  and  tlie  arc  rending  ts  the 
idex  corroclion. 

Second,  by  a  distant,  well-defined  terrestriftl  object,  or  the  nflcction  of 
inlight  from— for  example — the  bulb  <*{  a  tbermonieter  or  a  dr*jp  of  water, 
bis  can  be  observed  in  the  same  way  an  a  star,  although  not  giving  as  aocu- 
ktc  rcijttlts. 

Third,  by  the  sun :  Turn  on  the  colonel  gluFBes  until  the  light  from  tho 
m  ia  diminiflhed  siitBciently  to  suit  the  eye  ;  bring  the  direct  and  reflected 
jbages  of  the  sua  into  tlie  field  of  view  ;  clamp  the  vpmier ;  turn  the  tangent 
w  until  one  ima^e  of  the  Pun  is  tangent  to  the  other,  take  the  reading; 
Lm  the  tangent  screw  until  the  contact  is  broken ;  bring  the  images  back  In 
ngency  ;  take  the  reading  again  ;  in  this  way  make  five  readingf^ ;  then  turn 
le  tangent  screw  until  the  images  change  plac«?8  and  tangency  la  made  on 
m  other  side  ;  take  tbo  same  number  of  readintrs  here. 

In  order  to  read  always  from  the  same  end  of  th<^  venner,  CJill  the  zero  of 
le  vernier  860",  and  read  the  vernier  accordingly,  Tnke  ttie  mean  of  the 
ioditii^  in  the  first  and  f^econd  cat*es,  ad<l  tluni  together,  and  divide  by  two. 
Iibtract  the  result  fmni  360\  and  the  tiifference  will  be  ibe  index  correction. 
In  order  to  avoid  tlu"  effect  of  refraction  it  itj  bej'i  to  measure  the  horizontal 
lameter  of  the  sun.  To  check  the  ol>»ervfttioiis  compute  the  diameter  of  the 
m  from  data  given  in  the  Nauticnl  Almanac,  for  the  day  of  the  obtjervatiou, 
pd  compare  it  with  the  diameter  of  the  suo  aa  obtained  from  the  oliser- 
tions. 
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Note. — Let  R  be  the  true  reading  of  the  yemier  when  the  mirrors  Bjei 
parallel;   let  She  the  dJameteF  of  the  sun  ;  Jot  r  he  the  reading  of  the  Temte 
when  contact  is  mode  on  the  left  o{  the  zero  of  the  instrutneat,  and  f*  *"■ 
reading  when  the  contact  la  miule  on  the  right.  ^ 

Then,  r  =  M  -h  S 

f  ^  ff 
Hence,  R  ^ 


2 


and 


Ohsorved  sun  for  index  correction, 

ON  ARC. 

860**  M'    10" 

5 

10 

0 


Jtine  Irt,  1883.— 10  a.  jl 


8O0    84  07  =  r 

BTid    m  49 

2)720      4  50 

mo     2  28 
Index  correction, 

-2'  28" 


means       850    80  40  =  r' 

mo    84  07 

2}    1      8  18 

Observed  dinm.  aun*   81  89. 

Calculated  diam.  sun*  81  36  7 

Diffisience,    ....  2.8 


To  KTeaflure  the  Angular  Distaace  bctwecE  two  objects  with  the 

Sextant. 

Turn  tlie  eyp  piece  until  two  of  the  reticule  tlircmls  of  tlie  telescope  are 
parallel  to  the  plane  of  tlie  ioBtrument ;  tlien  direcr  the  telescope  lo  the  fainter 
of  the  two  objects  ;  move  the  plane  of  the  instrument  until  It  passes  through 
thu  two  objects  ;  revolve  ibo  index  bar  on  til  the  reflected  imaife  of  the  eocond 
object  apt>ear9  in  the  field  of  \iew  :  clamp  the  vernier  ;  with  tbe  lan^rent 
screw  nmke  the  two  iaiapres  coincide  The  reading  of  the  vernier  with  the 
index  correction  applied  will  be  tlie  angular  distancp  of  the  two  objeeta.  The 
index  glass  must  always  bo  on  thp  tiide  towards  the  fcceind  olijoci.  The  coin- 
cidence muf^t  l>e  made  at  tbe  rniddle  point  of  the  litdd  of  view.  Core  must 
be  taken  lo  have  the  relative  hrijjUtneas  of  tht^  two  f»bj**ct3  about  the  aame. 

AlTitud4>B  of  objects  may  be  obtained  in  a  aimllaj'  wav,  holding  the  plane 
of  the  sextant  vertical 
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SUBVEVOR   OEKEiLlL*S  OFFICE, 

Denveb,  Colokaix*,  June  1, 1880. 

— Tlif?  follnmng  iustntctioas  Uqitl' bt^n  prt^parcd  for  your  guvemmeDt 
in  making  mineral  Burvfja  • 

1.  You  can  make  uo  ofBcial  eurvey  wirlmut  an  r^rdtr  from  tliis  office. 

2.  To  procure  an  order  for  survey,  tlie  iipplicaliou  Hhould  bo  made  in 
writing*  acconiimnied  witk  a  copy  of  the  certiticate  of  location  of  the  claim  to 
be  surveyed,  duly  certiBod  liy  the  proper  recorder,  and  inclosing  a  deposit  of 
(25  for  office  work.  Be  careful  to  state  plainly  the  name  of  the  person  or 
persons  who  desire  the  survey. 

3.  An  order  will  not  l>e  Issued  unless  in  the  judgrnent  of  thia  office  the 
certificate  of  lociitiou  is  ia  accordanc  ^  with  law  and  regulations. 

4.  For  the  acoommodation  of  claimants  residing  renioie  from  a  Cnited 
States  Depository,  this  office  will  see  that  the  deposit  is  mrnlv  wben  the 
proper  funds  are  received.     Send  Post  Otiire  order,  draft  or  ehpck,  on  Denver, 

other  drafts  cannot  be  used  without  di.^rount. 

5.  Should  the  original  certificate  of  jijcation  l>e  found  defective,  and  the 
description  does  not  cover  the  ground  claiini^d,  an  ftddition^t  or  ftnyjided  cer- 
tificato  may  he  filed  a«  provided  hy  section  l:j  of  the  laws  of  Colorado,  ap 
proved  February  Kjlh,  1874,  and  a  certihed  copy  of  the  ameodpd  certificate 

iiiBi  be  sent  to  this  ofBee,  and  your  survey  dated  subsequent  to  the  filing  of 
the  same  in  the  projwr  recorder's  office. 

0.  Ctjrtificatea  of  location  are  frequently  sent,  which  nny  well-in  formed 
deputy  should  know  are  too  indefiniie  ;  examine  them  carefully  hefors  Bend- 
ing, and  it  will  save  yourselves  luid  this  office  touch  trouble,  and  remember 
(that  your  snrvey  must  aokee  with  certificate  of  location. 
7*  '*  If  I  he  records  of  lw4itintis  made  prior  to  the  passage  of  the  mining 
act  of  May  10th,  1872,  are  not  sulliciently  definite  and  certain  to  enable  you 
to  make  a  o:)rrect  survey  therefrom,  you  should,  after  reas^)nab1e  notice  in 
writing,  to  be  served  personally,  or  throujrh  the  United  States  mail,  on  the 
applicant  for  survey  and  adjoining  claimants  (whof^e  residence  or  Post  Ol!lco 
■ddreflB  you  may  kijow  *jr  can  ascertain  hy  the  exercise  of  reaaonnlde  dili- 
geoce),  take  the  testinumy  of  nei)i^hlx>ring  claiinants  and  otlier  persons  who 
■fere  familhir  with  the  btmntlaries  thereof  as  originally  located  and  asserted  by 
H^A^locators  of  the  claim,  and  after  having  uscertatuod  hy  such  tesUmQ 


serted  by 
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boundftriea  Ad  originallj  eatablwhed.  you  shouM  make  a  snrrej  m  accordaDO^^ 
therewitlu  flJid  tr&Dsmil  full  aod  corrpct  returns  of  survey,  acconii>amed 
the  copy  of  tLe  record  of  location,  thti  tt^thuony,  and  a  copy  of  tU©  nc 
served  on  tbe  claimant  and  adjoining  proprietora,  certifying  thoieoQ  wbeo^i 
what  manner,  and  ou  whom^  Hervice  was  made.'* 

8.  The  act  of  Congrege  of  May  lOtk,  1872,  expressly  provides  that  '*  tb 
location  muat  be  distinctly  markt'd  on  tbe  ground,  so  that  its  boundaries  cti^ 
be  readily  traced,"  and  '*  that  all  records  of  mining  claims  liurt^fter  mad 
slmll  contain  tht'  name  or  namca  of  the  locators,  tlie  date  of  location,  and' 
aucb  a  description  of  the  claim  or  claims,  locatt'd  by  referfnee  to  some  uaiural 
object  or  permanent  inonunient,  as  will  identify  the  claim." 

•  9.    "  Thesn  provisions  of  the  law  must  be  stricfly  complied  with  In  each 
case  to  entitle  a  claimatit  to  a  Htirvey  iifid  patent,  and  therefor©  abould  a  claiiaj 
ant  under  a  location  made  subsequent  to  tbe  patisage  of  the  mining  Ad  of  M^ 
lOtb,  1872,  who  has  not  coniplied  with  said  require^ients  in  regard  to  mark-] 
iiigtbe  location  uprm  the  ground,  and  recorJing  the  aamL*,  apply  for  a  survey/ 
I  •*  will  decline  to  order  it/' 

10.  *■  Tbe  only  relief  for  a  party  under  such  drcumstancea  will  be  to  make 
a  new  location  in  confomiity  to  law  and  regulatiooB,  ns  no  case  will  bo 
pFovDd  by  this  oJBce  unless  these  and  all  oilier  provisions  of  law  are  substan 
tially  complied  with.** 

11     Comers  must  he  established  in  as  permanent  &  manner  as  possibly 
and  shoqld  consist  »jf  mck  in  place,  or  tree  if  they  are  found  at  the  exact  point;! 
otbcrwisjj  a  STONE,  not  le&s  than  two  ft-et  long,  set  one  foot  in  the  ground  j 
or  rOSTSj  not  less  tlinn  ftmr  inches  in  diameter,  planted  two  feet  in  the  groun 
and  protruding  not  less  than  two  and  not  more  than  four  ft-et  above  ground  ;1 
both  Ftones  and  jHis^ts  must  be  protected  with  a  mound  of  atone  or  earth  ia 
addition  to  tbe  planting. 

12.    Kacb  corner  to  be  marked  No.  1,  3,  etc.,  also  tbe  number  of  the  sur- 
vey, as  you  proct^d  with  tlie  work,  giving  in  Held  notes,  bcaringg  and  di^tantxtt  i 
from  each  comer  to  rocks  or  trees,  if  any  Fuch  are  at  couvenirnt  disianc^^ 
marking  same  with  numl>ef  of  corner  and  number  of  survey,  and  describ 
marks.     Wooden  posts  and  trees  must  be  marked  with  a  scribe,  and  rock 
w^itb  a  chisel.    Give,  frfjm  at  least  two  corners  of  the  survey,  two  or  mon 
bearings  to  well  known  points^  »ach  aa  mountain  peaks,  confluence  of  « 
etc.,  both  in  Beld  notes  and  on  plats.     If  any  portion  of  this  section    cans 
be  complied  with,  bo  state  it  in  field  nott^. 

I't.  Note  all  objects  crossed  by  your  line  of  survey,  such  ns  previous  stir* 
veys,  lodea^  ditches,  mads,  ravines,  etc., etc.,  and  show  them  upim  plat.  •"  If 
in  running  tbe  exterior  l>oundarias  of  a  claim  it  is  fmind  that  two  BurviTi  J 
cotil!ict,  the  plats  and  Held  notes  should  show  the  extent  of  the  conflict^  gir." 
ing  the  area  embraced  in  both  surveys,  and  also  tbe  courses  nnd  distancrtl 
from  the  established  corners  at  which  the  e-sterior  boundaries  of  the  reepco^l 
tlve  surveys  intersect  each  other.     In  notes  givo  area  as  follows : 

Total  area 5,94  acres. 

I«es8  area  in  conQict  with  surveys  Nos,  13  and  17,      .     -     2.00  acrea 

Leaving  net  area^ 3  94  acres. 

On  plat  give  net  area  only. 
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14-  Connect  corner  ^o.  1  of  yoar  uiinrey  with  Bome  corner  of  the  public 
tttjrvej  W  the  claim  is  located  writliin  two  niilra  of  sucli  public  sarvey.  From 
oorner  No,  1  beginidog  you  will  im>ceed  wiih  the  survey  of  iho  claim,  giving- 
distances  in  feet  ouil  true  courses,  as  you  [irtjceeti  efitoblishing-  u  corner  at  each 
anf^le  of  the  eurvey,  li  nu  official  siirvey  bas  been  innde  in  the  Bomci  vi*inity, 
run  a  connecting  line  to  some  comer  ijf  lUo  same.  Surveys  must  be  nifide  to 
dose  exactly.     Mention  particularly  all  isdjoining  ciaiomnt«. 

15,  In  referring  to  other  an rveys  give  in  your  field  notrs  the  name  and 
number  of  each  survey,  and  name  of  cluimant  or  owner.  When  rc?fernnjt  to 
1  survey  mon?  than  once  it  is  mi  necessary  lo  re|>cat  more  than  lh<»  num\ier. 

IG-  See  Section  2320,  Revised  Stututes  of  tho  United  Slates,  in  regMd  to 
width  of  lode  clairas  '*  on  each  aide  of  tlie  middle  of  the  vein  at  the  eurfftce," 
When  the  h^cator  does  not  determine,  by  exploration,  trhfre  tlio  middle  of  the 
TOn  at  the  surface  its,  hb  di^'tivery  Hlmft  must  bo  asii'uuied  to  mai  k  such 
point*' 

17,  You  will  give  the  quarter  section,  township  and  range  in  which  tho 
d&im  Is  situated,  in  notes  and  on  plat,  showinjor  section  lines  on  your  |>lat  in 
hbck»  and  quarter  section  lincrt  hi  red. 

18,  In  dialrk'ta  where  there  are  tio  public  eurveys  within  two  mih*8  of 
your  survey^  and  no  locttilng  monunient  previouiily  established  wiihiti  one 
hundreil  cbaina  of  Buch  survey,  yoii  will  establish  a  L0CAT1N(J  MONU- 
MENT at  some  well-known  point,  a  rock  in  place  being  preferable  ;  but  if 
such  cannot  be  found,  then  erect  a  large  substantial  mound  of  rocks,  tlescri  bin jf 
the  same  fully  in  your  notes,  and  hereufter  chisel  upon  it  a  name,  using  ibis 
ns  a  starting  poiat  for  your  surveys,  and  when  the  public  «mrveys  reach  tho 
locality^  run  a  connecting  line  from  the  monument  to  a  corner  in  aaid  »urveys, 
thus  connecting  nil  claims  surveyed  from  the  monument. 

19,  Note  all  improvemontB  upon  tlio  claim,  such  nn  shafts,  drifra,  adits, 
cuts,  buildinga,  etc,  giving  t-ie  extent  of  same.     Show  imprnvemeuta  on  p!at 

Bd  locate  tliem  in  field  notes,  by  course  and  distance,  in  a  direct  line  frnm 
tie  corner  of  the  survey. 

20,  After  describing  fully  the  improvements  (stating  if  the  excavatiou:! 
are  in  dirt  or  rock)  placed  on  the  claim  by  the  claimant  or  bis  grantors,  &.\y 
that  *'  the  value  of  the  said  imi>rovenjents,  together  with  tho  labor  expende<,l 
on  the  said  claim  by  the  claimant  (ar  his  grantors,  as  the  case  may  bey  is  not 
less  than  five  hundred  dollars,"  If  $500  in  improvements  has  not  been  e% 
pended  at  time  of  survey  tho  woik  maybe  performed  and  certificate  of  Sur- 
veyor-General  filed  at  the  bind  ofBce  during  the  60  days  of  advertising.  To 
obtain  this  certificatia  the  deputy  must  sfud  his  atHdavit  stall ng  that  the  sum. 
of  $500  baa  been  expended,  describing  improvements  fully.  In  rstimoliug 
the  vaJuij  of  improvements  only  actual  mining  improvements  should  be  con- 
sidered. 

21,  "  From  an  examination  of  tho  returns  of  surveys  of  mining  claims,  I 
am  satisfied  tliat  in  many  inslanpes  the  deputy  surveyore  certify  to  the  valu^i 
of  improvements  without  ascertaining  whether  such  improvements  arc  made 
by  the  claimant  or  hia  grantors,  or  other  persona/' 

32,  •*  No  improvements  should  he  iuclud<^  in  the  estimate  nnloss  they 
have  been  made  by  the  applicant  for  survey,  or  by  those  from  wljom  ho  de- 
llves  his  title,  and  so  stated  in  your  notes." 

2S,    "  The  value  ol  improvements  made  upon  other  locations,  or  by  other 
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pereonSj  should  not  be  taken  into  considenition,  biit  excluded  br  depiitiiai  ia 
theLrestimat<^  of  iinpTtnvmeulfl  uprm  t be  claim/* 

24.  Following  descriptiou  of  improvements  made  bj  tbe  claimanl,  loorif 
the  iniprovomx^nts  made  by  other  pt!rsons.  in  the  mauncr  dp^crilied  in  S«e  tt- 

25.  i^tiLle  all  lacis  coming  t-o  your  knowIrHi;^e  in  rrgnrd  lo  ■djiitlii^f 
conBkrinu'  iLiiuiauts,  wu ether  ihfir  claims  ure  survey f^d  or  not. 

20.  Y*>iir  tie  Id  notes  »buuld  be  omplete  "m  themselirea,  learini;  outhio^ 
to  be  explnimxl  by  lettt^r ;  and  na  they  are  boand  in  book  form  afier  opprnnl 
)'oa  shonbl  leave  margin  for  binding*.  Fold  noies  so  as  to  leave  m  \iUU 
blank^pmier  as  poesible,  uiid  stitcb  them  together 

27,  Uyou  know  your  survey  d(»e8  not  agree  wilb  that  of  other  depntift 
you  Bhtiuld  ronimiinicntc^  with  sncb  deputy  Ijcfore  sf*nding"  yoar  gurrw  to 
this  ot!ict\  Mid  try  to  re^ioncile  all  discrepancies  ;  if  it  cannot  be  adjttstal.  re- 
port  to  tbiK  cjffici^  and  a  joitit  survey  will  be  ordered  upon  knowing  iliii  (Ui 
section  ha.a  b-en  i;nm;!litHl  wuh. 

28.  Wht^n  a  j«>iiit  survey  Is  ordered,  the  deputy  who  disoorcra  \ht  m^ 
posed  crrnir  witl  be  directed  to  call  ui>on  the  deputy  suppoesd  to  be  in  rmit, 
and  pee  if  lht» discrejwiney  c^intiot  be  rrmnclled.  If  they  cannot  afrree,  iben 
they  shall  make  a  joint  survey  vvitliin  ten  days  after  the  date  of  the  opIct. 
Wiion  said  survey  is  crimplettKl  tbey  sbfll!  make  a  joint  affidavit  to  the  Md 
notes,  and  forward  thorn  to  tUis  nfllre.  The  deputy  found  to  be  in  ermreliall 
|>ay  all  expenses.  Including  iJlO  i»fT  daj  to  tlie  deputy  whose  work  i»  fftBUd 
to  be  correct.  If  bilb  depntiejt  arc  found  to  b<'  in  such  error  as  tn  rcquim 
nmoudei  field  n«tcs  of  ibeir  former  survey,  then  each  deputy  ehall  \vkf  onf- 
balf  the  eipenses  nf  the  joint  «iinTy.  Any  deputy  refuidng  or  Deglc4tinf  to 
appcarfortb©  joint  survey,  within  the  ten  days  nametl,  or  who  shall  rrfow 
or  neplect  to  pay  the  expenses  as  above  indicated,  will  lie  suspended;  tad  tf 
the  refutM&l  or  neglt^ct  shall  extend  to  twenty  d&yf,  bis  c/jmiuisskto  u»  U«potf 
will  be  rcvokL*d. 

2!)  In  preparing  plata  make  the  top  Nortli,  nnd  color  only  the  irrwicd  not 
iii  conflict.  Murk  upon  the  plat  all  corners  (thus,  "Cor.  No  1,"  fio,  nottiiW 
to  mouDtain  peaks,  court^es  and  distances  to  a!!  conn€>cting  linef  and  itpoiitlir 
boundariL^  of  the  survey.  Plat  survey  upon  as  large  a  scale  an  paper  ^ 
admit  of,  if  pmcticjible  not  less  thim  200  toci  to  the  inch*  Be  cbt^I  tliat 
jTour  plats  a 0^1  noti?8  agnx*. 

30.  An  applicant  has  the  right  to  abandon*  from  liis  application  for  pttcst, 
any  part  or  portion  of  the  premises  embraced  in  the  survey,  but  in  cate  1  * 
does  abandon  any  portion  of  the  premises  embraced  by  his  appllcatl«rD  adA 
survey,  it  will  he  upcossary  tliat  an  amended  survey  be  made  vpan  itpfditth 
iiiffi  of  the  daimnnt,  and  as  Hncb  amended  survey  involves  as  much  o(B<*  walk 
aa  the  original  8ur%^f  y,  the  usual  dpposit  sliould  accompany  the  taimanri 
application  for  the  amendiMl  sorvpy. 

31.  After  this  date  surveys  will  ba  appmved  in  the  order  in  which  thij 
are  received.  deputi<-*s  being  required  to  act  promptly  in  all  official  mttlsfili 
that  the  approval  of  a  survey  may  not  be  unnecessarily  delayed.  In  cmp  •'f 
unreasonable  dt^lay  on  the  part  of  the  deputy  to  correct  errors,  tlie  survi^witt 
be  stricken  from  the  files,  and  the  applicant  notified. 

32.  In  order  that  all  returns  may  iie  ma4e  uniform,  blank  plate  and  fitW 
note  pft|»er  '  '^'  ''^  furni«^hod  from  thia  otHce  for  your  use,  which  blanks  f*« 
will  fill  le  may  re<juire.     Tou  will  be  careful  that  lh«  names  rf 
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t  cUimftnta  and  number  of  Burvey  agree  with  tbe  order  for  survey  and  certifi- 
caK'  (»f  locution.  You  will  make  one  copy  of  tho  plat  and  uutea  and  transmit 
the  Bfljne  Uj  tbis  office,  prepaying  tlie  piatage  or  express,  in  full :  otherwise 
ibey  will  not  be  rec^^ived.  Do  not  fold  plat«  for  transiuission,  but  roll  them. 
As  yoar  plat  and  notes  comv  under  the  bead  ol  *  written  matter/*  they 
rwinire  letter  postage. 

83.  Unless  plata  and  note*  are  prepared  in  a  neat  and  warkmanlike  man- 
Tk^r  they  will  not  be  accepted.  Plata  and  notes  are  oft^'ii  found  to  be  incor- 
rect from  negligence,  carelesaness  and  ignorance.  Many  deputies  appear  to 
depend  upon  this  office  to  dutect  and  correct  tbe^e  errors,  ae  it  haves*  themtho 
trouble.  Hereafter  such  sur\eya  will  be  returned  with  ibe  simple  statement 
that  **  they  are  incorrect.'* 

84  A  iolar  transit  MUST  be  uaed  in  all  official  aurve^'s  >icing  guided  by 
the  polar  apparatus,  and  not  tbe  needle,  tinier  the  courses  are  detiertrd  f  rr>m 
a  meridian  astronomically  establisboi.  On  acc^mnt  of  local  uttractionB  a 
needle  instrument  will  not  be  accepted  aa  reliable.  State  in  field  notes  tbe 
kind  of  instrument  used,  and  the  manner  in  which  (be  courses  are  taken. 

tSA.    *'  You  are  informed  that  the  employment  of  Deputy  Mincnil  Survey- 
ors ad  attorneys  in  mineral  claim?,  directly  or  indirectly,  ih  iiliw>liitely  pmhib- 
ited/*  and  you  will  make  no  survey  in  which  yon  are  interested. 
30.    Be  particular  to  writt?  all  proper  names  phttnli/, 
81,    Depuiira  cbanpng  their  residence  should  notify  this  offire  of  such 
change. 

:i8,  I  shall  expect  you  to  make  yourself  tlionmghly  familiar  with  nil  ibe 
mining  laws.  National  and  State,  as  well  as  with  these  instructions,  and  1  am 
avire  that  em:>rs  will  be  lesa  frequent,  and  tbia  office  as  well  as  yourself  will 
be  relieved  of  much  annoyance. 

80.    All  official  communications  must  be  addresswl  to  the  Surveyor  (^eri 
era],  and  not  to  clerks  in  his  office. 

LYery  reapectfally, 
Albert  Johnson^ 
Surtfifffr  General «/  €ol<^ado. 


Sample  Field  Notes  furiiiahed  BepEties. 
Si^TfiT  No.  500,  PTSTRier  No.  3. 


FIELD    NOTES 

Of  the  survey  of  the  claim  of , . , , . , ^ 

,  - . JoliD  H.  Marshall .\\\\,.,. 

upon  the ,  .Excelsior , I^le, 

in. .  -  - California Mining  District, 

. . .  *  • - .  *  .Liake  .....,..,. County,  Colorado. 


Surveyed  by George  D,  Williams, ,.,.,. 

U.  8.  Deputy  Mineral  Sorvcyor, 

8tifv«y  begun October  23d,... ..1881, 

Mi  completed "       28th,  ....  ,  .1881. 
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ELEMENTS  OF   SLEVBTDTG.                             [AFP.  C,     ■ 

1 

IlsscRiFTiON  OF  Survey.                    ^^H 

^^H 

Beginning  at  Cor.  No.  1,  a  apnice  po&t.  5  ft.  long,  4  in^^B 
d!&m.,  set  2  ft.  in   tbo  groimd,  with  mouDd  of  Blotat,      H 
marked  ^J^  whence  the  W.  l^^  cor.  in  w^.  16,  T.  8  S  , 
B.  60  W.  of  the  6th  Prin.  Mer.  bears. 

a  84"  20'  W.  1847,  4  ft. 
A  spruce,  6  ins.  diam .  marked  B,  T,  li^f  be&nS,  78*  Wf 
W.  82.9  ft. 

Thence  N,  IV  58'  E. 
Var.  14^  15'  B. 

300. 

To  Cor.  No.  2. 

A  Bpriice  post  4  ft.  long:,  4  ine,  dia  ,  set  2  fl.  in  grouud* 

with  nioimd  of  earth  marked  gjoi  whence,                                J 
Holj  Croeft  Mt  bears  N.  41'  37'  W, ;                                    1 
Mt  Leon  beare  N.  14   59'  W.                                               J 
(No  other  bearings  aTaihible.)                                            H 

Tljence  9.  78'  7'  E.                                    I 
14^  15^  K                                 ^^M 

03. 

To  road  running  S.  Eusterlj.                                            ^^^^ 

22427 

Intersect  line  4-1  of  Sur.  No,  405.  Treasury  lode,  John   H 
R  Jones  ct  al.  claimauts,  N.  15"  £.  79.91  ft.  from  Cor.    H 
No.  4.                                                                                      1 

952.72 

Intersect  line  4-1  of  Sun  No.  227.  Silver   Dollar  hodt,    1 
Henry  J.  Smith,  claimant,  at  S.  8'  W.  401  02  ft.  from  Cor.    ■ 
Nal.                                                                                 1 

1350.3e 

Intersect  line  2-3  of  Sur.  No.  227,  S.  r  W.  447.  9  ft,  ftott    I 
Cor.  No.  2.                                                                                  ■ 

k 

15O0. 

To  Cor.  No.  a                                                                   ^^H 

•P.O.] 


fiAJOnJB   FIXLD    V0TB8. 


IM. 


149.5 

198. 
800. 


112. 
196.76 

600.89 

911. 
1600. 


A  granitQ  stone  26  x  |{  x  7  iii».,  M  In  gnnmd, 

with  mound  of  stoiMi^  ehiaefed  ,So,  whence  a  spnice 
6  ins.  d&t.,  moked  B.  T.  .So,  bears  Q.  80'  28'  E.  20.4  ft.; 
R  B.  (So  chiseled  on  rock  in  place,  bears  N.  44**  £. 

80  ft 

Thence  S.ir  63' W. 

7ar.  14*'  55'  K 

Intersect  line  84  of  Sar.  No.  496,  at  N.  76"  W.,  218  ft. 
from  Cor.  No.  8. 

To  Gulch ;  coarse  N.  E. 

To  Cor.  No.  4 

A  quartz  stone  24  x  18  x  8  Ins.,  set  1  ft.  in  ground,  and 
mound  of  stone,  chiseled  ,io»  whence  R  R.  ,Jq  chiseled 
on  large  boulder,  bears  N.  88*  22^  W.  25.4  ft. 

Mt.  Leon  bears  N.  19'  22'  W. 

Sherman  Peak  bears  S.  84**  45'  E. 

Cor.  No.  8,  Sur.  No.  495,  bears  N.  69'  28'  E.  258  ft  . 
Cor.  No.  8,  Sur.  227,  bears  S.  IS*"  9'  W.  743.9  ft. 

Thence  N.  78"  7'  W. 
Var.  14"  55'  E. 
To  Gulch. 

Intersect  line  ZZ  of  Sur.  No.  227,  N.  8"  E.,  748.45  ft  from 
Cor.  No.  8. 

Intersect  line  41  of  Sur.  No.  227,  N.  8"  E.,  796.84  ft.  from 
Cor.  No.  4. 

To  road. 

To  Cor.  No.  1,  place  of  beginning. 


ELEMENTS    OF   SURVEYING. 
Area, 


[app.  ( 


ContaJning , , 

Leas  conflicts  wiik..  . , .   , 

Sur.  No,  227=2.12  acres,. 

"      "  495=2.46      '■     . 


.10.82  acr^ 


Leaving  net  nreo. , 


Location, 


This  sarvey  U  Icwmted  in  tlie  N,  i.;  and  S.  E.  i4of  Sec  le,  in  T,  8  S., ! 
80  W. 

lMPR0\'^atEKT8 

Upon  this  claim  coDsist  of: 

A  discovery  shaft,  5'  x  8'.  275  ft.  deep,  timbered,  which  bean  &om  Co 

No.  1.N.64   rii>  E.250.aflt. 

A  log  i^haft-liotise.  56'   x  40\  tlio  S.  W.  comer  of  which  bears   from  Co 
No.  1,  N.  ri5  ti6  E.  207  ft. 

A  ebaft  4'  x  4',  25  ft.  deep,   which  bears  from  Cor.  No.  1,  N.  88'  99 

An  op<-n  cut  3'  <  W,  which  licars  from  Cor.  No,  3,  S.  58"  45'  W.  264  ft, 

i  hereby  certify  that  the  value  of  said  improvementB,  together  trjth 
labor  ex  pen  dp()  on  thoeaid  claim  hj  the  claimant  and  his  graniors,  is 
less  than  Five  riiindrcd  Dollart*  (|?iO0), 

Improvements  mado  bj  other  parties  are  as  followB: 

A  Rhaft  4'  X  6'.  78  feet  deep,  which  bears  from  Cor.  No.  S,  N.  83*87' Wj 
880  ft 

AD,T0miNO   CULIMS. 

Snjveys  Noa.  495  and  227.     No  others  known. 


Instruments  Used. 

A  GJurley  Mountain  Transit,  with  solar  attachment  (or  the  instr 
used),  and  stoel  tape  (or  the  measure  used). 

All  couraea  determined  hv  the  ase  of  the  polar  apparatus. 

ADt»H£sa  OP  ArrLiCAjrr, 

JOHN  H.  MARSHALL, 

P.  O.  Biix  74ii,  LeadYille.  Cola 

[Tlien  follow  a  list  oF  the  assietantfl  employed  in  ranking  the  surrey,  will 
Iheir  affidavit  as  to  its  eoiiF<*rmity  to  instruciions,  the  affidavit  of  the  Depn 
Mineral  Surveyor,  and  the  certificate  of  the  Surveyor  General.] 


SURYET  No.   500. 

Mineral  District  No   .% 

PLAT  of  the  clttlm  of  JoHN  H.  Marshall  npon  flio  Excklsior  Lodb, 

California  ^rin'mg-  Dist  net T^ki^. ....    ....  .County,  State 

OP  Colorado  CoutAmhig  nn  area  of. . ,  .5.74. , .  .ncr;*8.  Scale  nf. , , , 
200  ,  .  feet  to  the  iorh.  Variation. ..  .Eiist  Survt^ycd  by  Opo.  D. 
Williams,  U.  S.  Deputy  Mineral  Surveyor. 

Ot^tober  28,  1881. 


Tb€  Orij^ijal  Field  Note*  of  the  Survey  of  the  Clilm  of 


Ihc « ttom  wbEeh  l  hii*  nlat  liAi  b««ii  miide,  tmve  be#iii  eximlnml 

ktid  apprciTiHl.  ADd  arv  on  Htc  in  ihiii  office  ;  and  I  hereby  certify  tljnt  ilic  j  rnniisb  mch  an 
accttniie  d^ftcHption  of  wild  Mlulnc^  Claim  an  wSll,  if  tacorpomlt-d  inio  a  patent,  forrc  fullf 
\o  itJcTitlfj  the  premt#e*,  ond  that  pnch  reforj^nrc  l*  iBAdo  thcrpin  to  uatural  objects  and  p«w- 
iQAQent  monttmeDtR  bj*  will  perpctonre  aD<!  fli  the  locm  thcrpot  I  fiirtbpr  certify  that  the 
Tiino  of  the  Ubur  and  (mprovptnontft  plncpd  tbrrcon  by  the  applicant,  or  hli  grantor*,  La  not 
lead  than  Five  Hundrecl  DoUanii,  and  that  !^aid  iwpmveiucDtM  coni^li^t  of  :..>..... 


an  appears  by  the  report  of  the  Dopaty  Siirreyor,  And  I  further  oerclty  that  thl*  ii>  a  correct 
Flat  of  tiftid  Mlaltig  Ckimf  oude  in  eouronnlty  with  aaid  flold  aotes  of  tho  sarvey  tbertiof. 


'.  Si,  Surveyor  Oenerar*  Office, 
Dearer,  Colorado. 
IB.,. 


S.  Sunreyor  Ooaetal  fot  Cotoni&D. 


A    TABLE 

OF 

LOGARITHMS   OF  NUMBERS 


Bexark.— In  the  following  tabic,  in  the  nine  right  hand 
colnnms  of  each  page,  where  the  first  or  leading  figures  change 
from  9's  to  O's,  points  or  dots  are  introduced  instead  of  the 
O'Sy  to  catch  the  eye,  and  to  indicate  that  from  thence  the 
two  figures  of  the  Logarithm  to  be  taken  from  the  second 
oolamn,  stand  in  the  next  line  below. 
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